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A CONTROLLED BOILING ACID TEST FOR PORCELAIN ENAMELS* 


By E. E. Bryant 


ABSTRACT 
The apparatus described in this paper was designed to accomplish certain results for 


boiling acid-resistance tests as follows: 


(1) temperature control of the acid solution; 


(2) constant volume of the acid solution by eliminating evaporation; (3) confinement 
of the acid attack to a definite area of surface; (4) acid solution unweakened by attack 
on surfaces not pertinent to the test; and (5) a weighed sample may be used to determine 
the weight of enamel removed by acid attack, or loss of gloss may be determined. Data 
are included to show the accuracy and general possibilities of the test. 


1. Description of the Apparatus 

The apparatus consists of a reflux condenser in 
the top of a bell jar. The inside diameter of the 
bell jar should be about 2'/: inches. A rubber 
gasket is cut to fit under the bottom of the bell 
jar. By using an iron plate under the enamel sam- 
ple, a clamp may be made to hold the bell jar 
down on the enamel. The rubber gasket between 
the two forms a water-tight joint (see Fig. 1). 

The bell jar may be made by cutting the bot- 
tom from a suitable chemical bottle. 


ll. Samples for the Test 

Any flat area of enamel may be used for a 
sample to determine loss of gloss or etching. The 
most convenient sample is a 4- by 12-inch sheet. 

A sample weighing less than 75 grams is recom- 
mended for loss-of-weight determinations. A 
disk or an octagon measuring about 3'/, inches 
across is preferred. 


lll. Acid Solutions for the Test 
A 2'/.%% solution of malic acid was used for 
tests with this apparatus. Resistance to any acid, 
however, may be determined in the same manner. 


IV. Operation of the Test 

A sample on which the gloss reading’ or the 
weight has been taken is set up in the apparatus. 
Two hundred milliliters of acid solution are 
poured into the apparatus through the reflux con- 
denser and the irun plate is heated rapidly. After 
the acid solution begins to boil, the heat may be 
reduced so that no vapor is expelled from the re- 
flux condenser. 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 24, 
1937 (Enamel Division). 

1 (a) “Gloss Comparator,” Nat. Varnish & Lacquer 
Assn. Circ., No. 493 (Oct., 1935). 

(6) R. S. Hunter, ““Methods of Determining Gloss,”’ 
Jour. Research Nai. Bur. Stand., 18 [1] 19-39 (1937); 
Ceram. Abs., 16 [4] 107 (1937). 


The timing for this test starts when the acid 
is placed in the apparatus. At the end of the test 
time, the acid solution is removed and the ap- 
paratus is rinsed free of acid. The recommended 
time for this test is 30 minutes. 

After the test, the gloss reading or weight is 
again taken to determine the degree of acid at- 
tack. 

The weight loss per square inch should be used 
to compare weight results from two different bell 
jars. 


V. Accuracy and Possibilities of the Test 
A 2'/2% solution of malic acid was used for all 
tests. 
A Hunter gloss comparator” was used to take 
gloss readings for all tests. The gloss readings are 
based on a comparison of sharpness of image. 


(1) Loss of Gloss Method’ 

Four 4- by 12-inch samples of a commercial 
acid-resistant enamel were used for these tests, 
and a 30-minute contvolled boiling acid test was 
run on one end of each of the samples. The other 
end of each sample was tested by boiling for 30 
minutes in an open beaker with the ground coat 
on the back of the sheet exposed to the acid. 

A 25-minute controlled boiling acid test was 
then run at the center of each sample. 

The results of these tests are given in Table I. 


(2) Discussion of Results in Table | 

The percentage loss of gloss is the percentage 
of the original gloss which is lost due to acid at 
tack. By comparing the results of the three tests, 
it will be noted that the controlled boiling acid 
test is more severe than an open boiling acid test. 


* By permission, W. N. Harrison, Bureau of Standards. 
See Nat. Bur. Stand. Tech. News Bull., No. 232 (Aug.. 
1936) 
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Fic. 1.—Apparatus for controlled boiling acid tests. 


(3) Loss-of-Weight Method and Comparison 
with Loss of Gloss 


Octagon-shaped samples were used for these 
tests. The area exposed to acid attack was 5.4! 


square inches. Two samples each of six acid- 
resistant enamels and one nonacid-resistant 
enamel were tested with the 30-minute controlled 


boiling acid test. 


TABLE I 


RESULTS OF VARIED TESTS ON A COMMERCIAL ENAMEL 


30-minute controlled boiling acid test 
—Sample No.———_— 
2 3 


Original gloss 
Gloss after test 
Loss of gloss 
Loss of gloss (%) 


Original gloss 
Gloss after test 
Loss of gloss 
Loss of gloss (%) 


Original gloss 
Gloss after test 
Loss of gloss 
Loss of gloss (%) 


85 85 87 
63 64 67 
22 21 20 
26.0 24.5 23.0 


30-minute open boiling acid test 
85 86 88 
67 69 70 
18 17 18 
21.0 20.0 20.5 


25-minute controlled boiling acid test 
85 85 87 

66 67 70 

19 18 17 
22.5 321.0 19.5 


4 Av 
of 4 
86 
65 
21 


24.5 24.5 


87 
67 
20 


23.0 21.0 


86 
68 
18 


Loss of gloss and loss of weight were determined. 


The results are given in Table II. 


(4) Discussion of Results in Table Il 


The loss-of-gloss method gives good comparisons 
for degree of acid attack as indicated by surface 


destruction. 


The loss-of-weight method indicates the amount 
of material dissolved. This is a quantitative term 
for the amount of chemical reaction which takes 
place. A comparison of the loss-of-weight results 
from two samples of the same enamel should in- 


TABLE II 
RESULTS OF CONTROLLED BorLinc Acip Test on Srx Actp-RESISTING ENAMELS AND ONE NoNACID-RESISTING ENAMEL 


Enamel Original Gloss after Loss of 
No Sample gloss test gloss 
l A 96 85 1] 
B 95 85 10 
Av 

2 A 86 7 sS 
B 87 78 9 
Av. 

3 A 94 Ss 10 
B 92 84 s 
Av. 

4 A 85 68 17 
B 2 66 16 
Av. 

5 A 84 75 y 
RB &2 74 8 
Ay. 

6 A 80 66 14 
B 76 63 13 
Av. 

A 75 
B 73 
Av. 


* Nonacid-resisting enamel. 


Loss of Original 
gloss (%) weight 
11.5 69.2787 
10.5 66.4084 
11.0 
9.5 69.1017 
10.5 67.6128 
10.0 
10.5 68.4709 
8.5 . 68.2562 
9.5 
20.0 45.1674 
19.5 45.4245 
20.0 
10.0 52.8835 
10.0 - 51.6731 
10.0 
17.5 46.4240 
17.0 48 3923 
17.0 
46.6448 
48.2399 


Weight after 


test 
69.2755 
66.4051 


69.0985 
67.6095 
68 . 4666 
68 . 2520 


45.1631 
45.4201 


52.8812 
51.6705 


46.4201 
48.3879 


46.5762 
48.1712 


Loss of 

weight 
0.0032 
.0033 
9 
0032 
.00383 
.0032 
.00438 
0042 
0042 
.0043 


| 
| 
= = 
| 
i 
i 
q 
! 
! 
0064 
.0043 
0023 
.0026 
.0024 
0039 ‘ 
| .0044 
0041 
0687 
.0687 
| 
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Fic. 2.—Six enamels of various compositions from 
Table II. 


dicate, therefore, how accurately this apparatus 
controls the tests. The greatest variation of re- 
sults for two samples of the same enamel is 12% 
of the loss in weight. Owing to laboratory routine, 
the original and final weighings were indepen- 
dently made by different operators so that no 
anticipation of results occurred. 

The wide variation of loss of weight between 
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acid - resistant enamels and nonacid - resistant 
enamel No. 7 indicates that relative acid resist- 
ance of nonacid-resistant enamels could be deter- 
mined by loss of weight. 

For a comparison of loss of gloss with loss. of 
weight, a graph was made (Fig. 2). The average 
results for each acid-resistant enamel in Table II 
were used. A definite curve cannot be produced 
by plotting percentage loss of gloss against loss 
of weight. This indicates that there is no direct re- 
lationship between loss of gloss and loss of weight 
from acid attack; that is, an enamel would not 
have the same rating by both methods. 


Vi. Conclusions 

This controlled boiling acid test for porcelain 
enamel gives reproducible results either by the 
loss-of-weight or the loss-of-gloss methods. 

There is no direct relationship between the 
loss-of-gloss and the loss-of-weight methods which 
will hold for all enamels. The intended use of 
the enamel should determine the method to be 
used for testing. 
Tue Ferro ENAMEL CORPORATION 


4150 East Firry-Sixts Srreet 
CLEVELAND, 


EFFECT OF MANGANESE, NICKEL, AND COBALT OXIDE UPON THE 
ADHERENCE AND REBOILING PROPERTIES OF A GROUND-COAT ENAMEL * 


By E. E. Howe anp R. L. FeL__ows 


ABSTRACT 
A series of enamels was compounded in which small amounts of adherence-promoting 
oxides were varied and their effect upon the adherence and reboiling properties of a base 
enamel glass applied to steel was studied. Results indicated that cobalt oxide was 
necessary in producing adherence, whereas nickel and manganese oxides increased the 
firing range. Reboiling was found to be dependent upon adherence. Photomicro- 
graphs showed that different phases existed in the interfacial layer when the different 

metallic oxides were introduced into the enamel. 


|. Introduction 
In a study to find the basis for use of the present 


fired at varying temperatures for a fixed time 
interval. Adherence of the enamel to the metal, 
combination of metallic oxides in production today _reboiling tendency, and microscopical tests were 
and their relation to the adherence and reboiling made. 

tendencies, a series of enamels was compounded in ll. Experimental 

which small amounts of manganese, nickel, and The oxides of manganese, nickel, and cobalt 
cobalt oxides, within the range of commercial in amounts as shown in Table I were incorporated 
enamels, were introduced separately and in com- in a base enamel glass of the following composi- 
bination to a base enamel glass. The fritted tion: 


enamels were milled, applied to steel, and then SiO, 51.37% BO; 17.55% 
5.32 MnO 
* Presented at the Thirty-Ninth Annual Meeting, CaF, 6.72 NiO 

American Ceramic Society, New York, N. Y., March 23, Na.O 15.87 CoO 

1937 (Enamel Division) K,.O 3.17 


| 
| 
| 
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(c) 


(a) @) 


Gc. 1. 


Seventeen different compositions of 100 pounds 
each were carefully smelted in a gas-fired box-type 
smelter and then quenched in water. 

Fifty ounces of each frit in the dry state was 
milled along with the following additions: frit 
100, Vallendar clay 7, borax */,, and water 45 
parts. The enamels were milled to a fineness of 
12 to 15 grams dry residue on a 200-mesh sieve.' 

To obtain as uniform steel conditions as pos- 
sible, all of the samples were cut froi the 
same sheet of 20-gage enameling stock from which 
a 3-inch margin had been sheared to <liminate 
variations from possible differences in the edge 
of the sheet. The size of each panel measured 
4'/, by 9 inches. As each panel was sheared from 
the sheet, it was numbered with a steel die so 
that a record could be kept of the position from 
which any certain sample was obtained. 

The sample plates received the usual alkaline 
cleaning, hot sulfuric acid pickling, and alkaline 
neutralizing treatment without the use of nickel 
flashing. All of the panels were set in the same 
basket, thus receiving identical treatment. The 
pickled samples were weighed on a torsion balance 
accurate to '/; gram and the weights were 
recorded. 

After the milled enamels had aged for 24 hours, 
they were so adjusted to dip 37 to 39 grams per 
square foot. The dry weight of enamel was de- 
termined upon each dipped sample, and none 
showed a variation of more than 1'/, grams in 
weight of application. Six panels were prepared 
in this manner from each of the enamels, and 
care was taken to insure that the face side of the 
panel corresponded to a selected side on the sheet. 

Seventeen panels, comprising one of each 
enamel composition, were fired at the same time 
upon hot firing tools in an electrically controlled 
(26- by 48-inch) box-type electric furnace for four 


* Determined by the Standard Method of the Enamel 
Division of the American Ceramic Society. 


Howe and Fellows 


minutes each at the following temperatures: 
1500°, 1520°, 1540°, 1560°, 1580°, and 1600° F. 

After firing, the panels were sheared as shown 
in Fig. 1. Section (a) was tested for adherence 
by means of a falling-weight impact machine, 
section (b) was used for microscopic cross-section 
study, section (c) was given the standard reboil 
fire after the panels had stood around for several 
days, and section (d) was reserved for possible 
check upon some questionable sample. 

The panels which had been tested for reboiling 
and adherence were laid out for observation in the 
order listed in Table I and the results were tabu- 
lated. Since no quantitative test method was 
available, values were given for plates of low ad- 
herence and reboiling, and an increase of these 
properties was denoted by a larger number. Al- 
though exact data are not obtained by this means, 
comparative values are obtained which indicate 
a trend. 

The panels which had been fired at 1560°F, 
the proper maturing temperature for this enamel, 
were selected for the microscopic cross-section 
study. Samples about '/;-inch square were 
mounted in alloy and polished for microscopic 
examination. The photomicrographs shown were 
obtained from these sections. 

Two of the milled enamels were dried, powdered, 
and fused down, and samples suitable for use in 
the interferometer were prepared. The thermal 
expansion was then determined on these two 
enamels. 


lil. Results 
The effect of the cobalt, nickel, and manganese 
oxide additions upon the adherence and reboiling 
tendencies is shown in Table I. The figures in 
Roman numerals denote the adherence values and 
the figures in Arabic numbers denote the reboiling 


values. Figure 2 shows the appearance of the 


Fic. 2.—Photographs showing appearance of two panels 
after being tested for adherence. Left, adherence 0; 
right, adherence IV. 
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5 — 0% Metals | 
---- L05% Mn0, 0.48 % God, 0.72% NiO 

5 60 

o 

E 


100 200 300 400 500 600 
Temperature °C 
Fic. 4.—-Linear thermal expansion curves of an enamel, 
with and without metallic oxides. 


Fic. 3.—Cross-section of a reboil bubble. 350. 


spot on the panels tested by the falling-weight The series of photomicrographs, Figs. 5 to 10, 
impact machine and indicates the basis for the inclusive, taken at a magnification of one thousand 
adherence values given in Table I. The reboiled diameters, with bright and dark field illumination, 
panels were difficult to photo- 
graph so as to bring out the dif- 
ferences in amounts on each and 
therefore are not shown. 

Figure 3 was made of a cross- 
section through a reboil bubble 
at about the peak of its develop- 
ment and, because these bubbles 
all seem to develop almost simul- 
taneously, by removing the 
sample from the furnace in the 
second fire when the bubbles rise 
on the surface of the enamel, a 
conception of the amount of re- Fic. 5.—Left, 0% metals; right, 1.05% MnO. 
boiling was obtained. The time 
required for each sample to reach this condition show the nature of the enamel-iron interface of 
was about 25 seconds. This time value was the the different enamel compositions fired on steel 
same for each panel tested. . at 1560° for 4 minutes. The photomicrographs 


TaBLe I 


TABLE oF Compositions SHOWING EFFECT OF MANGANESE, COBALT, AND NICKEL OXIDES ON ADHERENCE AND 
REBOILING TENDENCIES AT DIFFERENT TEMPERATURES 


Temp. 

°F 

2 | | 2 
0 | 0 o 0 | 1 Vv 
0 I fl |mfsivio 0 I 
0 I IV | 0 0 I 0 I | ivi 0 0 I Iv fv 
0 Ill | Iv ji 0 I ivi 0 Iv | Iv 
1600 0 3 | 4 
% CoO 0.24 0.48 0.72 0.24 0.48 0.72 0.48 0.48 0.48 
& Nio 0.24 0.48 0.72 0.24 0.48 0.72 0.24 0.48 O 72 
& MnO 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 


Note: Figures in Roman numerals denote adherence; those in Arabic denote reboiling. 


» 
‘ 
| 
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Fic. 6.—Left, 0.24% CoO; middle, 0.48% CoO; right, 0.72% CoO 


Fic. 8.—Left, 1.05% MnO, 0.24% CoO; middle, 1.05% MnO; 0.48% CoO; right, 1.05% MnO, 0.72% CoO. 


were made on the samples before they were etched. to be a preferential solvent for ferrous oxide, gave 
The sections were etched with a solution of results that indicated the presence of ferrous oxide 

dilute hydrochloric acid in alcohol, which gave _ in all of the samples. The sections after etching 

comparable results to alcoholic stannous-chloride were not photographed. 

etching solution. This etchant, which is supposed Two linear thermal expansion curves of enamel, 
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Fic. 7.—Left, 0.24% NiO; middle, 048% NiO; right, 0.72% NiO 
| 
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one with 1.05% MnO, 0.48% CoO, and 0.72% 
NiO and one without any metals, are shown in 
Fig. 4. 


IV. Discussion of Results 


A study of the results in Table I indicates that 
(1) practically no adherence was obtained unless 
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A study of the photomicrographs, Figs. 5 to 10, 
inclusive, brings out the following information: 

(1) Enamel containing no metals (Fig. 5, left) 
does not have a hazy layer and the iron interface 
is even. 

(2) Precipitation of accicular crystals in the 
enamel was encountered in cobalt glasses (Fig. 6), 


; middle, 1.05% MnO, 0.48% NiO; 


right, 1.05% MnO, 0.72% NiO 


Fic. 10.—Left, 1.05% MnO, 0.48% CoO, 0.24% NiO; middle, 1.05% MnO, 0.48% CoO, 0.48% NiO; right; 1.05% 
MnO, 0.48% CoO, 0.72% NiO. 


cobalt was present in the enamel glass; (2) the 
reboiling tendency of the enamel increased when 
the adherence of the enamel increased and no one 
metallic oxide promoted reboiling more than 
another; and (3) the addition of manganese and 
nickel to a cobalt ground coat gave good adherence 
over a larger firing range, but the effect of nanga- 
nese was relatively smaller than that of nickel. 

It would seer from Fig. 3 that the gas which 
produces the reboiling bubble formed at the inter- 
face of the enamel and iron and expanded at a 
rapid rate. This phenomenon was indicated by 
the oval shape of the small bubble noticed in the 
upper left part of the enamel. 


and these crystals were apparently inhibited by 
the presence of nickel (Fig. 10). In this latter 
photomicrograph, a few of these needle-like crys- 
tals may be seen when 0.24% nickel is present, 
but practically all disappear in the presence of 
0.72% nickel. 

(3) The hazy layer in the enamel was not seen 
when cobalt was used alone (Fig. 6) but appears 
to be dependent upon the presence of manganese 
or nickel (Figs. 5, 7, 9, and 10). 

(4) The iron interface was more irregular when 
cobalt was added to the enamel, but there did 
not appear to be very much connection between 
this roughened condition and adherence 


| 
} 
| 
Fic. 9.-Left. 1.05% MnO, 0.24% NiO 
| 
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(5) The small particles in the enamel at the in- 
terface, designated by some investigators’ as den- 
drites of alpha iron, seemingly were not closely 
connected with adherence for instances were 
noted in the case of manganese and nickel where 
dendrites were as numerous as those seen in cobalt 


Fic. 11.—-Photomicrograph showing cubical nature 
of interface of the enamel containing 0.72% CoO. 
1500. 


ground coats, although the adherence was con- 
siderably less. 

(6) There was some evidence in this study that 
precipitation can take place in the enamel al- 
though it was in a molten condition only for a few 
minutes. In Fig. 11, an indication of precipita- 
tion is evidenced by the cubical nature of the 
dendrites, and some unusual crystals in the enamel 
appear in Fig. 12. 

(7) Because it required the same amount of 
time for all of the panels to reboil, it was inferred 
that the metals had no influence upon this 
property of reboiling. 

(8) The metallic oxides apparently do not 
have much effect upon the thermal expansion and 
softening temperature of an enamel as indicated 
by the curves in Fig. 4. 


* Karl Schwartzwalder and R. M. King, ‘Mechanics 
of Enamel Adherence: VI, Petrographic, Metallographic, 
and X-Ray Study of Enamel-Metal Contact Zones,” 
Jour. Amer. Ceram. Soc., 15. [9] 483-86 (1932). 


V. Summary 


Cobalt was essential in producing adherence 
in a ground-coat enamel, while manganese and 
nickel improved the adherence over a wider firing 
range with a given cobalt content. 

Reboiling was closely connected with adherence, 
and no matter how the adherence was increased, 
the reboiling tendency of the enamel was also 
increased. 

Even in the comparatively short time of four 
minutes, it appeared possible for crystalline ma- 
terial to precipitate out in the enamel. 

The hazy layer in the enamel was composed of 
particles which were microscopical in size but 
could be resolved at high magnification under 
dark-field illumination. 

There did not seem to be any connection be- 
tween the presence of ferrous oxide in the enamel 


Fic. 12.—Photomi h of some unusual crystals in 
enamel containing 0.72% CoO. 1500. 


layer and the adherence of the enamel to the 
metal. 

None of the metals used with the enamel glass 
affected the time at which the reboil bubbles 
would reach their peak of development. 


LUSTBRLITB LABORATORIES 
Curcaco Virrsovs Enamet Propuct Company 
Cresro, ILLINotTs 


tia 
‘ 
i 
q 


SURFACE TENSION OF VARIOUS MOLTEN GLASSES* 


By A. E. Bapcer, C. W. PARMELEE, AND A. E. WILLIAMS 


ABSTRACT 


Surface-tension measurements were made on a series of molten glasses at 1200° and 
1350°C, using the maximum bubble-pressure method. A base glass was chosen with 
the composition of 17.4% Na,O, 10.1% CaO, 72.5% SiOz, or 1.4 NazO:0.9 CaO:6.0 SiO,, 
to which 0.030 gram-atom of various elements in the form of their oxides was added. 

An increase in surface tension was produced by Li, Si, Ca, Ba, Mn, Ni, Co, Fe, Zn, Al, 
Mg, Ce, and Zr. A decrease was produced by Ti, Na, B, K, Pb,and V. The values at 
1200°C ranged from 235 dynes per centimeter for the glass containing vanadium, to 
320 dynes per centimeter for the zirconium-containing glass; the base glass had a value 
of 304 dynes per centimeter. The surface-tension values at 1350°C were generally 
slightly less. Surface-tension results for various analyzed commercial glasses are 
given also for temperatures of 1200° and 1350°C. 


|. Introduction 

Surface-tension measurements on‘ various glass 
compositions were obtained with the apparatus of 
Parmelee and Lyon,' which was improved later 
by Parmelee and Harman.? This method of 
measuring the surface tension of liquids is usually 
called the maximum bubble-pressure method. 
The apparatus described in these references is a 
modification of the method developed by Jaeger® 
to determine the surface tension of fused salts. 


il. Chemical Compositions of Glasses 
Two series of glasses were used in this investi- 


gation. In the first, a series of glasses was pre- 
pared for a study of the effect of various oxide 


In the first series, a glass of the molecular 
amounts 1.4 Na,O : 0.9 CaO : 6.0 SiO, (which cor- 
responds to 17.4% Na,O, 10.1% CaO, 72.5% 
SiO.) was chosen as a base glass to which additions 
of various oxides were made on a gram-atomic 
basis in such a manner that the same numbers of 
cations were added to the base glass. For ex- 
ample, 0.030 mol CaO was added to the base glass 
in one sample, while 0.015 mol Na,O was added to 
another. These additions contributed equal num- 
bers of calcium or sodium atoms in the respective 
glasses. 

The oxides incorporated in the base glass were 
as follows, the grouping being arranged according 
to the Periodic Table: 


0.015 mol Li,O 0.030molMgO 0.015molB,0, 0.030molSiO, 0.015mol Mn,O; 0.015 mol 0.030 mol CeO, 


Na,O CaO Al,O: 
K,O ZnO 
BaO 


TiO, 0.080 mol CoO NiO 
PbO 


additions on the surface tension of a simple soda- 
lime-silica glass. The second series consisted of 
commercial glasses, analyzed samples having been 
obtained from various industrial plants.‘ 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 23, 
1937 (Glass Division). Received June 28, 1937. 

Publication approved by the Engineering Experiment 
Station, University of Illinois. Part of the expense of this 
investigation was defrayed by the Graduate School Fund 
of the University. The authors are pleased to acknowledge 
the aid of R. J. Krantz and B. C. Viger in the preparation 
of the glasses. 

1C. W. Parmelee and K. C. Lyon, “The Maximum 
Bubble-Pressure (Jaeger) Method for Measurement of 
Surface Tension of Molten Glass,” Jour. Soc. Glass 
Tech. (Trans.), 21, 44-52 (1987). 

sc . Parmelee and C. G. Harman, “Effect of 
Alumina on Surface Tension of Molten Glass,” Jour. 
Amer. Ceram. Soc., 20 [7] 224-30 (1937). 

*F. M. Jaeger, “Change in Molecular Free Surface 
Energy of Liquids in the Range from —80° to +1650°C,” 
Z. anorg, allgem. Chem., 101, 1-214 (1917). 

* The authors are indebted to various sources for these 
analyzed glass samples. 


These additions were made in the form of the 
above oxides, except that carbonates were used 
for the alkalis and CaO, and Pb;O, was used as a 
source of PbO, MnO, for MnzO;, Co;0, for CoO, 
and Ni,O; for NiO. 

One other sample was made by adding 0.030 
mol CaF; to the base glass, and two unclassified 
samples (Nos. X12 and X19) contained various 
amounts of or respectively. 

The chemical compositions of these glasses, as 
computed from the batch, are listed in Table I. 
The calculations were made on the assumptions 
that volatilization of cations was negligible, the 
total iron existed in the trivalent form, Co;0, 
became CoO, NixO; formed NiO, MnO, existed 
as Mn,O;, and no CaF; was Jost. Chemical analy- 
ses of the melted glasses may be made later to ob- 
tain more exact compositions of the glasses. 
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The second series, which consisted of glasses of 
commercial importance, is reported separately 
in Table III, and the surface-tension values and 
chemical compositions as determined by analysis 
are given for each glass. 


Ill. Preparation of Glasses 

The first series, consisting of glasses with vari- 
ous additional agents, was made by weighing the 
chemically pure materials on an analytical bal- 
ance, mixing them thoroughly, and melting the pre- 
pared batch in platinum crucibles in a platinum- 
resistor electric furnace. The resulting glass was 
then powdered in a diamond steel mortar, passed 
over an electromagnet to remove iron, and re- 
melted in platinum. The remelted material was 
then subjected to the same procedure to produce 
a homogeneous sample for the tests on surface 
tension. 


TABLE I 


CHEMICAL COMPOSITIONS OF GLASSES AS COMPUTED FROM 
BaTcu 


(The base glass was 1.4 Na-O0:0.9 CaO:6.0 SiO, or 


17.4% NaO, 10.1% CaO, 72.5% SiO:, to which additions 
of various materials were made in accordance with Table I) 


Chemical composition (%) 
Substance 


Glass added to base Additional 
No. glass (mol) SiO» NazO CaO substance 
1 None 72.5 17.4. 10.1 0 
5 0.015 Li,CO; 71.6 17.2 9.9 1.3 LiO 
6 .015 NaCO; 70.6 16.9 9.8 2.7 NaO 
7 .015 K;CO,;, 69.6 16.7 9.6 4.1K,0 
8 .030 MgO 70.0 16.8 9.7 3.5 MgO 
9 0380 CaCO, 69.0 16.6 9.6 4.8CaO 
10 030 BaCO; 638.7 15.3 8.9 12.1 BaO 
11 030 ZnO 67.6 16.2 9.4 6.8ZnO 
12 015 B,O; 70.3 16.9 9.7 43.1 B,0; 
13 015 Al,O; 69.4 16.6 9.6 4.4 ALO; 
14 030 SiO, 68.8 16.5 9.6 5.1 SiO, 
15 010 Pb;O, 60.4 14.5 8.4 16.7 PbO 
16 015 Fe,O; 67.7 16.2 9.4 6.7 FeO; 
17 010 Co,O0, 68.0 16.3 9.4 6.3 CoO 
18 015 NiO; 68.0 16.3 9.4 6.3 NiO 
19 030 MnO, 67.7 16.3 9.4 6.6 MnO; 
39 030 TiO, 67.7 16.2 9.4 6.7 TiO, 
41 015 V20s 67.1 16.1 9.3 7.5 V0; 
42 030 ZrO, 65.3 15.7 9.0 10.0 ZrO; 
43 030 CeO, 62.8 15.1 8.7 13.4 CeO. 
44 .0380 CaF, 67.8 16.3 9.4 6.5 CaF, 
X12 .0133 B,O; 70.6 16.9 9.8 2.7 BO; 
X19 .041 MnO, 66.0 15.8 9.1 9.1 MnO, 


The glasses in the second series (commercial 
glass melts) were used without additional prepara- 
tion. 


IV. Results of Tests 
To determine the difference in results which 
might be expected from personal errors, the sur- 
face tension of the first series of glasses was de- 
termined in duplicate by different observers. If 


unsatisfactory checks were obtained, a third glass 
was made and tested. Usually two sets of glasses 
were sufficient. These were prepared by the 
standard procedure, and the surface-tension tests 
were made by two different observers. These 
duplicate tests, therefore, include all accidental 
errors associated with the determination of igni- 
tion losses of the batch materials, the weighing 
of the materials, and the melting procedure, as 
well as the measurement of surface tension itself. 
The latter measurement was checked several times 
at each temperature, the precision® of the meas- 
urement being about 1.5 dynes per centimeter 
or = 0.5%. The difference in the surface-tension 
values obtained on supposedly identical glasses 
is considerably greater in some cases than the 
precision of measurement, as may be seen from 
Table II, which summarizes the surface-tension 
measurements of the glasses in the first experi- 
mental field. The results furnished an estimate 
of the total error involved in preparing the glasses 
and in the measurement of surface tension. 

Referring to Table II, column (2) gives the addi- 
tional substance which was present in the base 
soda-lime-silica glass. Columns (3) and (4) show 
the surface-tension values of these glasses at tem- 
peratures of 1200°C, as obtained by the two ob- 
servers. A similar comparison of values at 1350°C 
is afforded in columns (7) and (8). 

These surface-tension results represent tests 
made on supposedly identical glasses as made up 
from individual batches. The maximum differ- 
ence between the average value for a glass and a 
single determination is shown in columns (6) and 
(10) of Table II, the average of all these differ- 
ences being 2.5 dynes per centimeter. This 
latter value corresponds to an error of about 
+1%, which indicates the accuracy to be ex- 
pected when different observers prepare sup- 
posedly identical glasses from chemically pure 
materials. The precision of determining the sur- 
face tension of any individual glass is consider- 
ably better, + 0.5% being a conservative esti- 
mate. 

The average values of surface tension at 1200° 
and 1350°C are given in Table II, columns (5) and 
(9), respectively. From these values, a mean 
temperature coefficient of surface tension over the 
noted interval may be computed for any glass. 
This temperature coefficient is usually a small 
negative fractional number. Exceptions are the 
glasses containing PbO (No. 15) or V2O; (No. 41), 
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SUMMARY OF SURFACE-TENSION MEASUREMENTS OF GLASSES AT 1200° AND 1350°C 
(Results of two different observers on supposedly identical glasses) 


(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
At 1200°C At 1350°C 
Surface tension (dynes /cm.) Surface tension (dynes/cm.) 
Additional Max. Max. 
substance diff. between diff. between 
Glass tin First Second av. and single First Second av. and single 
No. glass observer observer Av. value determination observer Observer Av. value determination 
1 None 305.9 301.2 304 2.4 304.1 300.3 302 1.9 
5 Li,O 309.7 {305.7\ 306 3.3 308.9 [304.3) 305 3.8 
| 303.8 | 302.2 | 
6 Na,O 302.5 298.0 300 2.3 300.0 295 .6 298 2.2 
7 K,0O 291.0 292.1 292 0.6 287 .6 284.5 286 1.6 
8 MgO 316.5 315.3 316 0.€ 314.9 313.1 314 0.9 
y CaO 313.5. 311.1 312 1.2 311.7 308 .4 310 7 
10 BaO 309.8 | 312.4 312 2.5 308.7 | 309.7 311 2.9 
\314.8/ 313.5 | 
ll ZnO 317.6 Sapa} 315 3.6 315.8 309.1) 312 4.3 
| 315.3 {309.6 | 
12 B.O; 293 .7 294 289.7 290 
13 Al,O; 316.7 314.1 315 1.3 315.4 310.8 313 2.3 
14 SiO, 311.0 { 305.4 | 7 4.2 309.4 f 301.2) 303 6.4 
304.0 | 298.4 | 
15 PbO 273.1 272.4 27 0.4 277 .3 274.0 276 1.7 
16 Fe,O; 321.2 { 310.5) 314 6.9 317.3 f307.6\ 311 
\ 311.1) \ 307.7 
17 CoO {310.6 310.2 314 6.7 314.1 308.4 313 5.0 
\ 320.5 f 317.7 
18 NiO 314.5 °311.2 313 1.7 312.7 308.7 311 0 
19 MnO; {310.8 312 7 { 308.9 310 0.9 
310.6 
39 TiO, 301.0 300 .7 301 0.2 298.5 300 .6 300 1.1 
41 V0; 235.7 233 .2 235 1.3 237.5 234.2 236 1.7 
42 ZrO, 318.5 321.8 320 1.7 315.8 311.5 314 2.2 
43 CeO, 321.6 j sae} $18 3.9 317.6 f 313.1) 315 2.7 
| 314.6 314.0) 
44 CaF, 307 .7 309.1 308 0.7 302.5 305.6 304 1 6 
X12 298.4 294.7 
X19 Mn,O; 320.0 319.4 
where the surface tension increases at the higher +0.030 Mol ZrO, 
temperature. In the case of the lead glass, the sae a ae 
. . ol Mg 
surface tension reading at 1350 c may have been +0.030 Mol ZnO or + 0.015 Mol Alp0s 
vitiated by the slight volatilization of PbO. The +0.030 Mol CoO or + 0.015 Mol Fe,0, 


positive temperature coefficient shown by V,0; +0.030 Mol NiO 
320 +0.030 Mol CaO ak be 0.030 Mo! Bad 


is within the experimental error. +0.030 Mol CaF, + 0.015 Mol Mn20s 
The agreement of the results of the two observ- éé Y/-+00w Mol SiO, 


ers would be expected to be quite poor in the +0.015 Mol Li,0 
Base Giass=!.4Na,0: 0.9Ca0:6,0 Sid, 


measurement of glasses containing materials like 300 - 148 

Fe,O;, which dissociate with rise in temperature or {101 
and require time to reach the equilibrium state. 2907, 72.5% SiO. 

The average surface-tension values of the glasses +0.030 Mol TiO, 

at 1200°C, which are given in Table II, column +0.015 Mo! 8,0; 

(5), are illustrated in Fig. 1. A similar graph of 2704 *\ +0015 Mol KO 


the values at 1350°C ‘would show slightly lower - +0.030 Mo! PbO 


values with the exception of the glasses contain- 
ing PbO or V,0,. 
The results of the surface-tension measurements 


Surface tension, Dynes/cm. 


of various commercial glass samples, whose 2404 
chemical compositions had been determined by - +0.015 Mol V,0s, 
analysis, are given near the bottom of Table III 230- 


in connection with the individual glasses. The 
precision of these results is about +0.5%. glass at 1200°C. 
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Taste IIl 
Surface TENSION AND CHEMICAL COMPOSITIONS OF SoME COMMERCIAL GLASSES 


= 


see Eee 


3 


S88 £ Se Be BR 


Ignition loss 0.30 0.32 


Total (%) 99.948 99.942 
Surface tension at 1200°C idyase/cm-} 303 247 
Surface tension at 1350°C (dynes/cm.) 302 245 
Surface tension at 925°C (dynes/cm.) 


* National Bureau of Standards glass No. 80. 
t National Bureau of Standards glass No. 89. 


Designation of Glass 


Cc D E F G Ht 
72.56 74.52 70.74 72.50 40.9 
0.70 1.00 17.5 
0.09 trace 
1.06 
3.58 0.45 0.33 
4.02 .B5 13.72 9.24 8.4 
2.54 3.18 0.12 3.00 
4.5 
13.11 13 .5¢ 15.3 
16.30 16.51 
0.85 0.41 
0.25 
0.86 0.11 
0.99 
1.2 
0.5 
0.6 
3.5 
100 100 99.98 100 100.1 
307 302 304 313 318 
299 299 300 314 315 
244 


** National Bureau of Standards glass No. 92. Analysis to be available at later date. 
t Soft ground-coat enamel obtained from W. N. Harrison, National Bureau of Standards, who had determined the 
surface tension to be 245.8 dynes per cm. at 925°C, using an improved dipping cylinder method. The chemical compo- 


sition given above had been calculated from the batch. 


V. Conclusions 

The structure of glass, as depicted by Zacharia- 
sen,® pictures a random network of (SiQ,) tetra- 
hedra with cations occupying some of the “‘holes’’ 
in this framework. Warren and Loring* have con- 
firmed this view in their X-ray studies of soda- 
silica glasses, and Bair’ has done likewise in the 
case of lead-silica glasses. 

The structure of soda-lime-silica glasses, with 
the additional materials which were used in the 
present investigation on surface tension, can not 
be stated at present. Interpretation of the results 
and correlation with dther physical properties 
of the glasses is, therefore, difficult. 

W. H. Zachariasen, ‘Atomic Arrangement in Glass,” 
Jour. Amer. Chem. Soc., 54, 3841-51 (1932). 

*B. E. Warren and A. D. Loring, “X-Ray Diffraction 
Study of the Structure of Soda-Silica Glass,”’ Jour. Amer. 
Ceram. Soc., 18 [9] 269-76 (1935). 

™G. J. Bair, “The Constitution of Lead Oxide-Silica 


Glasses: I, Atomic Arrangement,’ ibid., 19 [12] 339-47 
(1936). 


Some brief statement is possible regarding the 
surface-tension measurements of the glasses con- 
taining additions of alkalis. These values were 
in the order Li>Na>K. The same order was 
found in Jaeger’s determinations of the surface 
tensions of molten salts of these metals.* Among 
these metals, there are many other properties in 
which sodium has an intermediate position, such 
as the melting points of the elements, heats of 
formation of their oxides, ionic radii, etc. Such an 
intermediate position is to be expected from the 
order of the alkalis in the periodic table. 

The effects of other oxide additions can not be 
classified readily according to the periodic group- 
ing (see Fig. 1). Many of the additions, however, 
produced similar effects on surface tension, and a 
certain grouping is possible, as follows: (1) atoms 
of Zr and Ce increased the surface tension about 
5%; (2) an increase of about 3% was produced 
by the atoms of Mg, Zn, Al, Co, Fe, Ni, Ca, Ba, 


{ 
B,O; 
| Alkalis 
SO; 
Na,SO, 
As,Os 
As,0s 
NaCl 
Cl 
BaO 
TiO, 
ZrO; 
MnO 
MnO, 
NiO 
CoO 

| 

| 
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Mn; (3) an increase of about 1% was caused by 
Si and Li; (4) Ti and Na decreased the surface 
tension about 1%; (5) a decrease of 2% was pro- 
duced by atoms of B and K; and (6) atoms of Pb 
decreased the surface tension about 10%, while 
V caused the greatest lowering among the group, 
about 23%. 

This grouping is only approximate and refers 
to the effect on the surface tension at 1200°C of 
the glass 1.4 Na,0:0.9 CaO:6.0 SiO, (or 17.4% 
Na,O, 10.1% CaO, 72.5% SiO.) when additions 
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of 0.030 gram-atom of the elements are incor- 
porated as oxides in the base glass. 

Some additional tests were made on the surface 
tension of glasses prepared from batches in which 
part of the Na,CO; was ‘replaced by equivalent 
amounts of Na,SO, or NaNO;. No change in 
surface tension could be observed as the result of 
such substitutions. 
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CONCERNING THE STRENGTH OF THE WEAKEST BOTTLES* 
Applicability of the “Normal” Curve of Errors to Statistical Analyses of Strength Tests of 


Glassware 
By F. W. Preston 


ABSTRACT 


The ordinary “‘theory of errors,” which assumes a “‘normal distribution” of the errors, 
is often applied to situations where it can not theoretically apply. In particular it has 
been applied to the strength of glass and glassware. While theoretically the theory is 
wrong, there is no entirely satisfactory theory available to replace it, and the question 
arises how far it can be used with advantage and exactly what are its limitations. It 
is necessary to answer these questions by direct experiment, i.¢., by breaking a lot of 


glassware. 


|. History 

Hampton has made a number of comments on 
the variability of the strength of glassware’ and 
on the standard deviation* he has usually found 
in experimenting. Dudding and Baker*® discuss 
the theory somewhat elaborately, giving experi- 
mental data on thermal-shock tests of glass rods, 
and there are several other papers dealing with 
strength, in which reference is made to “‘prob- 
able errors’”’ or “standard deviations.”” It does 
not seem necessary to review the literature, either 
in English or foreign languages, in any detail, 
since as far as the writer is aware none of it deals 
with, or even mentions, the point to be considered 
here, viz., the impossibility of the theory being 
theoretically correct. 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 24, 
1937 (Glass Division). 

1 W. M. Hampton and C. E. Gould, ‘“‘Some Implications 
of Known Variation in Strength of Glass,” Jour. Soc. Glass 
Tech., 18 [71] 194-200 (1934); Ceram. Abs., 14 [4] 90 
(1935). 

* Loc. cit., page 195. 

*B. P. Dudding and I. M. Baker, “Application of 
Statistical Methods to Quality Control of Manufactured 
Products,” Jour. Soc. Glass Tech., 17 [67] 239-59 (1933); 
Ceram. Abs., 13 [3] 59 (1934). 


ll. Background of the Theory 

Across the creek from my office window the land 
rises in a steep wooded escarpment from the flood 
plain to the hills. On this scarp, 200 yards away, 
would be an excellent place to set up a target for 
rifle practice. Assuming that the rifle is a good 
one, the light fair, and the wind steady, the writer 
might proceed to shoot at the target and (being 
out of practice) would probably pepper the sur- 
rounding countryside more often than the bull's 
eye. With the sights properly adjusted, however, 
it would be found, after a large number of shots 
had been fired, that a greater number were 
gathered within the neighborhood of the bull’s eye 
than within any other equal area. It would also 
be found that the further any chosen area was 
from the bull, the fewer the shots init. Further- 
more, in the absence of any systematic error, due 
to an unnoticed increase of cross-wind or an in- 
creasing warp of the gun-barrel, the shots ought 
to be equally distributed to right and left of the 
bull. 

Theoretically, occasional shots will go a long 
way to left or right, and they can go equally far 
to left or right. Theoretically, in fact, if I shoot 
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long enough, one or two shots may be found di- 
rectly behind me instead of in front. The devia- 
tion could, theoretically, still be equally to left or 
right, and the chances are equal of either side 
being favored. 

The statement made ‘‘with the sights properly 
adjusted’’ means, when reduced to mathematical 
terms, that when every bullet has found its billet, 
in the target or the surrounding shaly cliff, the 
center of gravity of all the spent bullets will lie in 
the bull's eye (or at least on the line joining my 
eye to the bull’s). The center of the bull’s eye is 
the ‘‘mean”’ or “‘average’’ position of the bullets. 

Let distances measured to right or left of the 
bull be called x (plus to the right, minus to the 
left, as usual). Let the number of bullets in a dis- 
tance 6x inches be n, where n is a function of x. 
Then the foregoing statement that there will be 
equal numbers of bullets in the element, 6x, 
whether x is plus or minus, means mathematically 
that F(x) is of the form F(x*), no odd powers of 
x occurring. 

Leaving out all intermediate stages of the argu- 
ment, mathematicians have concluded that the 
distribution of bullets should be governed by a 
law of the form 


n = (1) 


Where » = number of bullets occurring in the interval 
éx between x and x + 6x. 
mo = number occurring in the interval next the 
bull’s eye from x = Otox = 6x. 
k = aconstant depending on accuracy of shoot- 
ing. 


breaking strengt 


5 eye or mean 


Average position( boll 


Fic. 1.—Normal curve of errors n = nge~***, Showing 
its symmetrical character. 


The values of m and m clearly depend on the total 
amount of ammunition I have expended. Ii | 
shoot twice as many bullets all told, » and n, will 
also both be doubled. A similar equation applies 
to the vertical components (y) of the errors. 

The curve plotted from equation (1) is of the 
general form of Fig. 1.. It extends to an infinite 
distance left and right, and there is no obvious 
reason why it should not. 


lll. Theoretical Impossibility of This Curve 
Fitting Strength of Glassware Tests 

Let us break a large number of bottles by in- 
ternal (hydrostatic) pressure and measure the 
breaking pressure in each case. Let the average 
value be 400 pounds per square inch. Bottles, 
like all glassware, are variable, and we are apt to 
find a few bottles with a suength of 800 pounds 
per square inch or higher; theoretically the sky is 
the limit. But it is inconceivable that any bottle 
should have less than zero strength. Thus the 
curve can not possibly extend to infinity in both 
directions. It must come to a complete and 
abrupt end on the low strength side. Expressed 
briefly, there is theoretical reason to expect that 
the curve of distribution will not be symmetrical, 
or in technical language that it wil! be “skew,” 
and that it will not be of the e~*” form, which is 
a symmetrical curve. 

There is nothing out of the ordinary in a statis- 
tical curve being skew, and there is the same 
theoretical reason to expect skewness in many 
curves which, apparently, do not show skewness 
to an extent that is bothersome. For instance, the 
weight of a glass technologist can not go below 
zero, but occasional specimens might theoretically 
be found whose weight is more than twice the 
average. 

Again, the individual molecules of a gas can not 
have a kinetic energy less than zero, but occasional 
molecules may have energies many times the 
average. This is so obvious that the theory does 
not begin with the assumption that the curve is 
of the form 

n = Ae" 

Where x = kinetic energy. 

But with the form (derived theoretically 


2 
n= 


which becomes imaginary if x is negative; in other 
words, the curve comes to an end at x = 0 (zero 
kinetic energy). 


p 
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Concerning Strength of Weakest Bottles 


We are not, therefore, calling attention to a 
new phenomenon or to some point never envisaged 
before in the theory of statistics; we are simply 
raising the question whether glass bottles or other 
articles of glassware really conform sufficiently 
well to the “normal curve of errors’ to warrant 
our using that curve for purposes of calculation. 

Flint and Lyle‘ do not deal with skewness; 
they do, however, carefully point out that their 
figures and tabulations are warranted only if the 
curve is normal. The question whether in prac- 
tice the curve is normal is one they do not discuss. 
(Their attitude may be fairly illustrated by a 
quotation from page 364 of the article cited.) 


“This figure’ (the standard deviation) “‘is significant, 
in that it indicates the range within which two-thirds of 
the values will be found, providing the values have a 
normal distribution. Further, we know that only one 
value in 3 can exceed it, one value in 22 can be twice as 
great as ¢, one value in 370 can be three times as great 
as ¢, one value in one thousand million can be six times 
as great asc. 

This helps to indicate the frequency with which varia- 
tions greater than ¢ may be expected in a test. It is of 
real value in indicating the trustworthiness of the test ... ."’ 


Gould and Hampton® publish a figure showing 
the distribution curve for thermal endurance of 
certain glassware, anc the curve lies reasonably 
well among the observed points. 


3 


“SS 


+20 


= 0 2 
Denation from mean breaking temperature (%) 


Number breaking in given temperature interval 


Fic. 2.—Thermal shock tests of about 250 beakers 
(Gould and Hampton's data, replotted). The skew 
or asymmetrical curve fits the results better than a 
symmetrical curve 


*F. C. Flint and A. K. Lyle, “Statistical Methods for 
Routine Testing of Bottles,’’ Jour. Soc. Glass Tech., 16 
[63] 360-74 (1932); Ceram. Abs., 12 [2] 53 (1933) 

5 C. E. Gould and W. M. Hampton, “Thermal Endur- 
ance of Glass,” Jour. Soc. Glass Tech., 14 [54] 188-204 
(1930); curve p. 192; Ceram. Abs., 9 [10] 830 (1930). 
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“Dr. Hampton, on a visit to this laboratory while the 
present paper was being written, says that an ordinary 
‘normal’ curve does, in fact, fit the results quite well. 
About 250 individual specimens were involved.”’ 


A number of years ago the present writer, with 
U. E. Bowes, made an investigation of 1000 bottles 
broken by thermal shock, and the curve seemed 
quite symmetrical. Not enough points on the 
curve were determined, however, to make the test 
conclusive, i.e., the increments in thermal dif- 
ferential were too great. 

Thermal shock is not a matter solely of tempera- 
ture difference, for “‘dry-ice’’ at 100° below zero 
(Fahrenheit) will not break a bottle filled with 
boiling water, while water at 40°F often will (the 
chilling in each case being applied to the outside 
while the bottle is hot). It was decided, therefore, 
to use pressure tests rather than thermal shock 
and to break 1000 bottles by hydrostatic internal 
pressure at room temperature. 

The first tests were made under the direct 
supervision of R. G. Hunter, and the bottles were 
the whole ‘“‘pack’’ taken in a straight run from the 
leer of a single Owens AQ machine operating 
normally; the inspecting at the leer end was nor- 
mal commercial operation, and the bottles were 
tested to destruction by a steadily rising pressure. 
Dr. Hunter estimates that the pressure rose at 
about 700 pounds per square inch per second. 
The breaking pressure was estimated to 10 lb. per 
sq. in., sometimes to 5 Ib. per sq. in. It was found, 
however, that, presumably through a subcon- 
scious tendency on the part of the operator to 
prefer ‘‘round”’ figures, there were more bottles 
recorded as breaking at 400, 450, and 500 than at 
390, 410, and 440, or the “‘odd’’ figures, and it be- 
came necessary to add the results in pairs; thus 
(300 and 310) were treated as 305 and similarly 


(440 and 450) which were plotted as 445. The 
tabulation follows: 
TaBLe I 
No No No 
Pres- break - Pres break Pres- break 
sure ing sure ing sure ing 
305 10 505 8S 705 4 
325 21 525 67 725 6 
345 30 545 42 745 2 
365 51 565 28 765 0 
385 65 585 10 785 0 
405 106 605 15 805 l 
425 112 625 11 825 l 
445 118 645 3 845 0 
465 112 665 5 865 0 
485 SS 685 l 885 1 
905 2 
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Number breaking ‘n pressure interval of 20 Ib/sq.in 


300 400 500 00 100 800 #00 
Hydrostatic pressure /sq.in. 


Fis. 3. pe strengths of 1000 bottles, showing 


dots are points plotted half way between ascending and 
descending legs of the curve (Hunter’s data). 


The results are graphed in Fig. 3. Only a skew 
curve will fit these results. The amount of skew- 
ness may be estimated from the nearly vertical, 
slightly sloping line drawn through the dots. The 
dots are points plotted midway between the limbs 
of the smoothed curve. 

Calculations made on the lines suggested by 
Flint and Lyle in the quotation given will there- 
fore be inapplicable. Such calculations would 
indicate that out of 1000 bottles, about 20 should 
have a strength of less than 300 Ib. per sq. in., and, 
as a matter of fact, we find none. On the other 
hand, we get about 40, instead of the expected 20, 
with strengths beyond 600 Ib. per sq. in. 

There is some evidence, however, that the curve 
is bimodal and that the bottles consist of two 
kinds, one of which is much stronger than the 
other but is present in relatively small numbers. 
The two kinds can not be distinguished by any 
examination or test other than a test to destruc- 
tion for they are nominally all identical. 

Believing that we knew the cause of this bi- 
modal distribution, we made preparations for an- 
other test of ancther 1000 bottles, made several 
months later but on the same machine and hav- 
ing the same general appearance. 

Note: Dr. Hunter, in view of the great amount of 
work involved in the testing and in its analysis, considered 
that we should improve the testing equipment to eliminate 
as far as possible the human element in the processes of 
testing. Accordingly, we designed and constructed an 
automatic testing machine, using pressures rising rapidly 
but under control of an electric motor, and we shipped it 
to the plant where the testing was to be done. The 


Preston 


machine is not described in detail here because a better 
version has since been constructed with which later work 
was done. 

The number of bottles, out of 1000, that broke 
at a particular gage reading were as follows: 


Taste II 

(1) (2) (1) (2) 1) 2 

(Ib. /in.*) (Ib. Ain.) (Ib. in.* 
230 1 310 40) 410 60 
240 0 320 56 420 27 
250 1 330 70 430 37 
260 2 340 99 440 ll 
270 12 350 106 450 17 
280 5 360 101 460 2 
290 13 370 74 470 1 
300 25 380 95 480 2 
390 80 +90 0 
400 62 500 1 
Total 1000 bottles 

(1) = gage reading. 


(2) = number breaking. 


The average, or mean, strength was 364 Ib./sq. 
in.; 469 bottles were above the mean and 531 
below it. 

2 
30-2 lb./sq. in. 0.67 = 1.24 

The results are plotted in their raw state (Fig. 
4), using the data given in Table II. Then, 
in view of the tendency of the operator, however 
punctilious, to favor certain even terms in place of 
certain other terms when the reading is in doubt 
by some 5 Ib. per sq. in., another graph (Fig. 5) 
was made in which each plotted point is the aver- 
age of two consecutive groups in the above tabu- 
lation. Thus the first point may indicate that at 
235 pounds one-half of a bottle broke (one bottle 
broke at 230 Ib. per sq. in. and none at 240), while 
at 265 Ib. per sq. in., seven bottles broke (2 at 260 
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Number of bottles (out of 1000) that break within the lO lbinterval 


| 
| 
200 250 300 350 a00Ct*té«S 500 
Gage reading -!b/sq in. 
Fic. 4.—Curve of frequency on second investigation, 


when bottles were tested by improved machine and 
handled more uniformly throughout. 
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Concerning Strength of Weakest Bottles 


and 12 at 270). Obviously there are two ways of 
obtaining pairs in this fashion, according as we 
start with 220 pounds per square inch (at which 
none broke) and add this to the 230-pound figure, 
or begin at 230; i.e., the grouping can be (220 + 
230), (240 + 250), (260 + 270), or (230 + 240), 
(250 + 260), etc. 

We have done it both ways in Fig. 5, and it will 
be apparent that in Figs. 4 or 5 there seems to be 
some skewness. The long tail to the graph on the 
high-pressure end, however, has disappeared 
(Fig. 2). This probably implies that the bimodal 
distribution has disappeared, the abnormally 
strong bottles having been eliminated as intended. 


| = 
200 730 380 400 450 500 

Fic. 5.—Same as Fig. 4, but results are plotted by 
“pairing” to reduce psy errors. In Figs. 4 
and 5, the smooth curve drawn naturally among the 
plotted points appears bent over on the top, its axis 
being the curved broken line, and the modal point lying 
below the mean. 


The improvement in the technique and ap- 
paratus is also illustrated by the decline in the 
standard deviation from 50.4/379 = 13.3% to 
39.2/364 or 10.8%, as calculated on the assumption 
that the curves are approximately “normal curves 
of errors.” 

But this, of course, is precisely the question at 
issue. From the graphs, one would think that 
the curves departed sensibly from that shape, and 
yet their general form is not so very different. It 
becomes necessary to use more refined statistical 
methods. 

For this purpose we have recourse to the 
methods outlined by Elderton,* who states that 
frequency curves are of three main types and 


*W. P. Elderton, 


uency Curves and Correlation. 
2d ed., 1927. Charies & ba 


win Layton, London. 
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ten transition types. The “normal curve” is one 
of the transition types. 

The calculations to decide which type is in- 
volved in a particular case are tedious in the 
extreme, but it may be said that their purpose is 
the determination of 3 discriminants, called by 
Elderton 82, and x. 

Operating on the data in Table II, the writer 
obtained the values 


8, = +0.00277 6: = +294 « = —1.59 


As the chances of error in the calculations are 
numerous, W. M. Hampton made a similar cal 
culation on the same figures and obtained 


8, = +0,.0028 = +2.972, 


which agrees sufficiently well with my own results. 

In order that the curve should be a normal 
curve of errors, or normal frequency distribution, 
the values should be 


= 0, = 3, 


and the values actually obtained are so close to 
this that Dr. Hampton doubts if they have any 
real significance. 

If they do have a real significance, they indicate 
that the curve is of Elderton’s type I, because «, 
though very small, is negative. Type I is one of 
the main types, while the “normal curve’’ is a 
transition type. 

Examination of various other sets of data al- 
ways discloses a departure from the theoreticai 
figures for a normal curve of errors, but the de- 
parture is never very great and seems to become 
less with improvements in methods of testing. 
The actual departure appears to vary somewhat 
with different types of bottles, and *1e subject is 
apparently complicated. Theoretically the curve 
should be skew, and in practice we find it to be 
slightly so. 

It appears that the ordinary theory (that which 
is, strictly, applicable only to the normal or 
Gaussian curve) may very properly be used to 
calculate standard deviations, as giving an idea of 
the consistency of the results. 

But it is not proper to attach any significance 
to the assumed remote parts of the curve, as was 
done (though with a warning) by Flint and Lyle‘ 
or by Hampton and Gould,' who made the fol- 
lowing statement: 

“Considering, for instance, the set of beakers, the break- 


ing temperatures of which are given in Table I of the pre- 
vious paper by the authors, Figure 2 of that paper shows 


59 
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the ‘normal’ distribution curve, together with the ex- 
perimental points.”” (See p. 195, footnote reference 1.) 
“From the figures given, it may be shown that the coeffi- 
cient of variation is, in this particular case, 7.2%, and the 
general shape of the curve is sufficiently in agreement with 
the points to indicate that the variations are of the type 
generally known as ‘random.’ Assuming, therefore, from 
this, and much other unpublished evidence, that any 
property of glass which involves tensile strength will show 
variations in accordance with the ‘normal’ law and a 
coefficient of variation of the order of 10%, one can im 
mediately compute the probability of the occurrence of 
variations of different extents and the property considered 
Tables of the proportions of the articles having specified 
values of the property which are likely to lie outside certain 
limits have been published, and the following table gives 
some indication of the nature of the figures.” 


Distance of 
measurement from mean value, 
corresponding to prebability 
in previous column 


Probability 
that a 
measurement will 
occur once in 


100,000 4.417 X standard deviation 
10,000 3.890 
1,000 3.290 
100 2.576 
10 1.645 


(Table I from Hampton and Gould reference, p. 196, 


footnote 1.) 


A curve of frequencies is not necessarily a law 
of nature; it is a man-made procedure known as 
“graduation.” It is a device for replacing the 
actual groupings of nature by a smooth curve 
which is more convenient for our calculations. 
The results are under no obligation to conform to 
our curves, and the assumption that we can 
extrapolate to vast distances is not warranted. 

The assumption that a small but finite num- 
ber of bottles will have negative strength is 
patently absurd, and the evidence is that there 
ought to be no bottles of zero strength or even 
approximately zero strength. On the other hand, 
unless special precautions are taken, a few bottles 
will have abnormally high strengths, and there 
seems a likelihood that, in general, bottles are 
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Fic. 6.—Breaking strengths of a sequence of 200 indi- 
vidual bottles (Hunter’s data). This is given to show 
the wild fluctuations of individual bottles. (The hori- 


zontal scale is the chronological or ordinal number of the 
bottle.) 
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Averages of 10 
(last 200 bottles) 


Fic. 7.—Averages-ol-ten, for the last 200 bottles out 
of the thousand, showing that this average fluctuates 
over very wide ranges even in a couple of minutes’ produc 
tion. 


better than the “‘normal’’ theory would indicate. 
They are better more particularly in the absence 
of very weak specimens. 

The work has been continued a good deal fur- 
ther than here reported and is continuing. Be- 
cause of the tedious nature of the subject, the 
later results are not reported, but an effort is being 
made to determine the consistency of the degree 
of skewness in the actual curves. It is conceivable 
that some forms of bottles are freer from excep- 
tionally weak specimens than others. 


IV. Size of Sample as an Indicator of 
Average Strength 

In the first test of 1000 bottles, the individual 
bottles tested from 300 to 900 Ib. per sq. in., and 
the average of the whole 1000 bottles was 461 Ib. 
per sq. in. The “standard deviation” calculated 
for the whole 1000 bottles was 74 Ib. per sq. in. 

Figure 6 shows a plot of a few hundred of the 
consecutive observations on the individual bottles, 
and it will be obvious that the scatter or spread is 
quite large and the general drift of the results very 
difficult to interpret. When the whole 1000 is 
considered, there is some suspicion that toward the 
end the average is higher than at the beginning, 
and low values of individual tests are getting 
scarce. 

To reduce the observations to a more readily 
grasped form, by reducing the scatter, one thou- 
sand figures representing averages-of-ten were 
calculated. The first of these figures is the aver- 
age strength of bottles 1 to 10, the second is the 
average of numbers 2 to 11, the third of numbers 
3 to 12, and soon. The nine hundred and ninety- 
first is the average of numbers 991 to 1000, and is 
the last one of interest. The other nine treat 
numbers 1 to 10 as if they were 1001 to 1010, 
and provide a check on the working. 

Figure 7 shows about a couple of hundred of 
these figures plotted; as a matter of fact, the last 
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Concerning Strength of Weakest Bottles 


200 or so out of the 1000. It is clear that there is 
still a good deal of scatter and also that, for some 
reason, the product is increasing in strength. 

Of these 991 figures, the lowest average-of-ten is 
385 Ib. per sq. in., and the highest 560 Ib. per sq. 
in. The average is necessarily the same as before, 
viz., 461 Ib. per sq. in. The averages-of-ten change 
quite rapidly, and within a space of ten or eleven 
bottles the average can rise or fall nearly 100 lb. 
per sq. in. 

The standard deviation calculated from a group 
of ten varies greatly according to which ten is 
picked. At the point G (the maximum average 


335 


whose average is low, the probable error of the 
average will also be low. 


V. Averages of Fifty 

Since ten bottles may appear too few to tell us 
all we should like to know about the true proper- 
ties of the whole 1000 bottles, 950 averages-of- 
fifty consecutive bottles were taken. The first 
figure is the average of bottles 1 to 50, the second 
the average of numbers 2 to 51, and so on. 

The maximum figure for the average-of-fifty is 
514; the minimum is 421. The average is neces- 
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sarily still near 460. 

Max. 514 ; 
0 

alll 

Averages of 50 460 

ont Last 400 bottles 
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49 


Fic. 8.—Averages-of-fifty, for the last 400 bottles out of the thousand, showing that even with 50 we can not be sure of 
striking a figure that is at all typical of the average of 1000. 
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Fie. 9.—Averages-of-200, for the whole 1000 bottles, 
showing that even an average of 200 is not a constant 
figure and that there seems to be a secular drift, or 
change of quality, over a period of a few minutes. 


| 


Strength-Ib/sq.in 


560 Ib. per sq. in.), the standard deviation is 70 
lb. per sq. in., as calculated from the ten indi- 
vidual values whose average gives the value, G. 
At the minimum point, 385 Ib. per sq. in., the 
standard deviation is 47 lb. per sq. in. At a 
point on one of the steep slopes, where the 
average is changing rapidly, a standard deviation 
of 102 Ib. per sq. in. was found, and this may not 
be the greatest value of the standard deviation. 
It may be pointed out that extreme values of the 
average will tend to be associated with strictly 
moderate or even minimum values of the standard 
deviation, while average values of the average-of- 
ten will tend to be associated frequently (but by 
no means invariably) with high values of the 
deviation. This fact is of practical importance 
only in one respect, viz., that if ten bottles are 
taken and tested, and we happen to get ten 


A plot of the whole of the 950 figures shows 
that usually the average of 50 would give a very 
fair idea of the average of 1000, but there were 
fluctuations in the quality of the product or in the 
testing procedure; it takes only a little more than 
10 minutes to make 1000 bottles, and the greatest 
fluctuations take place within a space of a couple 
of minutes. This point is interesting. The pos- 
sibility that there may have been some undetected 
variation in the treatment the bottles got on 
inspecting or testing must also be kept in mind 
(see Fig. 8). 

The curve of the average of 50 is still rising at 
the finish, and the indications are that if another 
100 bottles had been tested, they would have been 
higher yet.’ Thus the average of 1000 bottles 
may depart from the average of a four-hour shift 
by an appreciable amount. 


Vi. The Secular Drift 

The general drift of the results from beginning 
to end of the 1000 is upward; this is clear from the 
averages-of-50. To damp out the small-scale 
fluctuations still further, averages-of-200 were cal- 
culated. This was not done on such an ambitious 
plan as the average of 10 or 50, but some 20 points 
on the curve were calculated and plotted. The 


’ The maximum point (514 Ib./sq. in.) is the 949th 
figure, out of 950. 
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results are given in Fig. 9. A smooth curve drawn 
between the points thus obtained shows the im- 
provement in the latter part of the run. Whether 
this improvement is due to some unknown im- 
provement in the quality of the glass from the 
tank or the operation of the Owens machine or 
whether it is due to a slight shift in the annealing 
schedule, to gentler handling by the inspector, or 
to some unnoticed acceleration of the rate of load- 
ing in the testing machine can not now be deter- 
mined. 

The maximum average of 200 (out of the 20 
calculated points) is 481 lb. per sq. in.; the mini- 
mum is 439 Ib. per sq. in. The average of 200, 
therefore, does not differ from the average of 1000 
by more than about 20 Ib. per sq. in. 


Vil. Conclusion 
The “normal curve’’ of frequencies fits the re- 
sults of pressure testing and thermal-shock testing 
of glassware sufficiently well that investigators 
may properly calculate their averages, probable 
errors, and standard deviations as if the curve 
were rigorously applicable, thus facilitating com- 


parison of their own results with those of other 
investigators. 

On the other hand, the curve in practice does 
not fit with so much precision that it can be ex- 
trapolated at all beyond the observed limits, and 
estimates of how weak or how strong the weakest 
or strongest bottle out of 100,000 or one million 
will be are quite beside the point. Neither theory 
nor experiment justifies any such extrapolation. 

The slight skewness of the curves obtained 
experimentally is in the direction to be expected 
theoretically. 

Bottles (and presumably other glass articles) 
are somewhat better in practice than the “normal 
curve” of frequencies would imply. 

The fluctuations of strength (as indicated by 
testing to destruction) of comparatively large 
samples of the most homogeneous “populations”’ 
of bottles available at the present day are ex- 
amined in some detail. The adequacy of samples 
of various sizes is discussed, and the fact that one 
thousand bottles are only a sample, not necessarily 
typical of 10,000, is indicated by the secular drift. 
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EFFECT OF IRON AND ITS COMPOUNDS ON THE COLOR AND PROPERTIES 


By T. N. 


OF CERAMIC ENGOBES AND MATERIALS* 


McVay AND C. W. 


ABSTRACT 


Iron compounds were introduced into engobes of varying clay, silica, and feldspar 
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content by (1) direct additions of commercial iron oxide, (2) adsorption from ferric 
hydroxide sols, (3) use of stains composed of calcined mixtures of ferric and aluminum 
hydroxides, (4) addition of silica gel in which ferric hydroxide was precipitated, and 
(5) precipitation with ammonia as the hydroxide from ferric chloride. Methods (4) 
and (5) were the most satisfactory. Buff colors were obtained with engobes of high clay, 
browns with high silica, and reds with high feldspar contents. A general study was 
made of the coloring of ceramic materials by iron oxide, and it was found that the par- 
ticle size of these materials as well as that of the ferric oxide was of primary importance. 
An investigation of the effect of gases on the iron oxide present in engobes gave results 
that are in agreement with the work done on the oxides of iron at the Geophysical 
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* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 24, 
1937 (White Wares Division). 
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Effect of Iron and Its Compounds on Color and Properties of Ceramic Material 


Sorum* made studies of the hydroxides of iron. 
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the adsorption characteristics of ferric hydroxide 
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on this subject. Radcliffe® precipitated ferric 
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Hostetter and Sosman,** Hostetter and Roberts,*’ 
Greig, Posnjak, Merwin, and Sosman,* and 
Ruer and Nakamoto” investigated the dissocia- 
tion of ferric oxide under various conditions. 
Hedvall® studied ferric oxide roasted at differ- 
ent temperatures. Parmelee, Badger, and Bal- 
lam*' and Krause and Thiel** investigated the 
iron spinel. Hansen and Brownmiller® studied 
the system corundum-hematite. Bowen and 
Schairer,** Greig,** and Kleffner and Kohlmeyer** 
investigated the reactions which take place be- 
tween silica and iron oxide. 


ll. Experimental Procedure and Data 
As a working basis, the proportions of feldspar, 
clay, and silica used by Stull*’ in ten of his en- 
gobes were selected. The kaolins were North 
Carolina kaolin, Al English china clay, and 
Edgar Georgia kaolin. Dorset English and 
Tennessee Special No. 1 ball clays were used. 
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The batch of each mixture was blunged, aged, 
and applied to semivitreous tile by dipping. 
The tile were dried and one-half of each was 
dipped in Seger’s porcelain glaze: whiting 70, 
feldspar 167, Edgar Florida kaolin 51.6, and 
potiers’ flint 108. The trials were fired in a 
gas-fired kiln to cone 10 down in 14 hours. All 
of the engobes were satisfactory. 


(1) Coloration by Precipitation 
The base composition of all engobes used in 


this investigation are given in Table I. Standard 
TABLE I 
BasE ENGOBE FORMULA 
A 
Bnglish 
Series N.C. Ball N.C, Potters’ china 
No. kaolin clay feldspar flint clay 
0 35 10 20 35 
1 10 35 30 25 
2 10 50 15 25 
3 10 35 30 25 
4 10 35 30 25 
5 10 35 30 25 
6 10 35 30 25 
& 10 35 30 25 
11 10 55 10 25 
12 10 60 10 20 
13 20 10 60 10 
373 35 10 35 20 
15 25 10 45 20 
16 35 10 35 20 
17 20 10 60 10 
18 35 10 35 20 
21-1* 50 10 30 10 
21-9 10 10 60 20 
21-19 10 10 20 60 


* The 21 series was arranged in the form of a triaxial 
diagram. 


ferric chloride solution was added to 100 grams 
of each engobe, and the iron was precipitated as 
the hydroxide with ammonia. With series Nos. 
3, 4, and 5 (Table II), the carbonates were added 


TasLe II 


McVay and Parmelee 


after neutralization with ammonia because ferric 
chloride reacted with these compounds. 

Additions to batches were made on the basis 
of 100 grams of the engobe mixture. 

In the first trial, engobes of series Nos. 0, 1, 2, 
3, 4, 5, 6, and 8 were used. All except No. § 
cracked either in drying or firing. The engobes 
of series 373 were dialyzed in viscose casings to 
remove the ammonium chloride formed during 
the precipitation of the ferric hydroxide. In 
some cases cracking was avoided. Because this 
cracking was due to the shrinkage of the hydrox- 
ides, a study was made of the drying behavior 
of iron and aluminum hydroxides. After the 
drying experiments were completed, engobes of 
series Nos. 373, 11, 12, 13, 15, 16, 17, 18, and 21 
were prepared. All of these engobes were dried 
at 125° and then were reblunged. The engobes 
and glaze were applied in the usual manner and 
the tile were fired to cone 12. In most cases the 
colors were measured with a Lovibond tin- 
tometer. ** 

There was no cracking of any of the engobes. 
With series 373, the colors increased from a light 
buff with 1% to a reddish brown shade with 5°; 
ferric oxide. Series 13 gave more intense colors, 
and fine reds were obtained with 5% ferric oxide. 
Series 12 was similar to No. 13, and No. 15 had 
characteristics lying between Nos. 373 and 13. 
There was some indication of the lightening of 
the normal shade due to iron with No. 16 in which 
aluminum hydroxide was precipitated. Good 
fits were obtained with all members of series 21. 


‘Those with a high clay content developed buff 


% Color Measurement: Lovibond Tintometer. 
Tintometer, Ltd., Salisbury, England. 


The 


Seri Additions 

0 0.5 1.0 2.0 3.0 5.0 FeO: 

1 0.5 1.0 2.0 3.0 5.0 Ss 

2 0.5 1.0 2.0 3.0 5.0 

3 2.0 5.0 0.5 1.0 2.0 3.0 % CaO from CaCO; 

4 2.0 5.0 0.5 1.0 2.0 3.0 % BaO BaCoO; 

5 2.0 5.0 0.5 1.0 2.0 3.0 % MgO “ MgCO; 

6 2.0 5.0 1.0 2.0 3.0 4.0 5.0 %AhkwOs “ AMOH)s; 
8 0.5 1.0 2.0 3.0 5.0 As dialyzed Fe(OH)s 

ll 0.5 1.0 3.0 5.0 

12 0.5 1.0 2.0 3.0 5.0 

13 0.5 1.0 2.0 2.5 3.0 5.0 

373 0.5 1.0 2.0 2.5 3.0 5.0 

15 0.5 1.0 2.0 2.5 3.0 5.0 : 

16 2.0 2.5 3.0 5.0 ; 1.0 2.0 3.0 4.0 5.0 % AlsOs from Al(OH); 
17 2.0 2.5 3.0 5.0 . 1.0 2.0 3.0 4.0 5.0 ®AkOs “ P 

18 2.0 3.0 5.0 . .0 2.0 3.0 4.0 5.0 %CaO CaCO; 

21-1 2.0 

21-9 2.0 

21-19 2.0 


Except as otherwise noted, iron oxide was added as an equivalent amount of ferric hydroxide precipitated 


from ferric chloride. 
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colors, and a russet color was obtained with those 
which had a high feldspar content. Those with 
high silica gave reddish brown shades. The en- 
gobes of series 18, which contained both calcium 
oxide and iron oxide, gave peculiar colors. The 
presence of calcium oxide with high iron content 
tended to produce blacks. Magnesium and 
barium oxides behaved in a manner similar to 
calcium oxide. 

Some of the engobes were fired to cones 6 and 9. 
A fritted lead glaze known as Mayer's glaze® was 
applied and the tile were refired at cones 2 to 3. 


(2) Study of Water-Loss of Aluminum and Ferric 

Hydroxides During Drying 

The hydroxides were precipitated from chlo- 
rides of aluminum and iron by ammonia and 
then were dialyzed to remove the ammonium 
chloride formed by the reaction. Samples of 
about one gram in weight on the dry basis were 
dried in air, placed in desiccators over calcium 
chloride to constant weight, and then in an 
electric drier. One sample of each of the hy- 
droxides was removed each day, weighed, and 
the temperature was increased. At 189° the 
ferric hydroxide had lost practically all of its 
water, while the aluminum hydroxide had lost 
about one-half of the water. After drying in 
this manner, they were soaked in water for three 
days and then were redried. The water-loss 
for the aluminum hydroxide, dried at 189° and 
then soaked and redried, was 7.80%, while that 
of the ferric oxide was 6.90%. These results 
show that these hydroxides are, to a certain ex- 
tent, irreversible. It was found in practice that 
drying at 125° prevented the cracking of the 
engobes in drying and firing. 


(3) Adsorption of Ferric Hydroxide Sols 

After the ferric hydroxide sols were prepared 
by the hydrolysis of ferric chloride in boiling 
water, they were analyzed for iron.* These sols 
had the following contents of iron in grams per 
liter: 0.100, 0.455, 0.897, 1.978, 2.980, 3.967, 
and 5.945. 

Two methods were used for studying adsorp- 


*C. W. Parmelee, “Outlines of Essentials of Glaze 
Composition,” p. 63C. Compilation of glaze studies in 
mimeographed form, 86 pp., 1929. 

* The potassium-dichromate method with sodium di- 
phenylamine sulfonate as the internal indicator was used 
for all analyses of iron. (For this method, see H. H. 
Willard and N. H. Furman, Elementary Quantitative 
Analysis, p. 199, 2d ed. D. Van Nostrand Co., Inc., 
New York. 416 pp., 1935.) 
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tion. With the first, 7.5 grams of clay previously 
dried at 100° were added to 150 milliliters of 
the sol and the slurry was agitated for 20 minutes. 
The suspension was filtered through a Buchner 
funnel, and after a clear filtrate had been obtained, 
two 50-milliliter portions of the filtrate were ana- 
lyzed for iron. From these analyses, the amounts 
of total iron adsorbed by these materials could be 
calculated. With the second method, the clays 
or other materials were mixed with the sol as 
before, but the suspension was allowed to stand 
in glass-stoppered graduates. The supernatant 
liquid was removed and analyzed for iron. In 
general, the adsorption was less by the second 
than by the first method. It is probable that 
with the first method, the filter paper adsorbed 
some of the iron compounds. The adsorption 
characteristics of Edgar Fiorida kaolin, Al 
English china clay, special Tennessee ball clay 
No. 1, Dorset English ball clay, tripoli, potters’ 
flint, and feldspar were investigated by both 
methods. 

The efficiency of adsorption was calculated 
from Freundlich’s adsorption isotherm, which 
is x/m = KC", where x/m is the weight adsorbed 
per gram of adsorbent and C is the concentration 
after equilibrium has been attained; then x/m 
divided by C is the efficiency of the process. 
The results of the experiments do not follow ex- 
actly the equation as given by Freundlich, but 
the efficiency of adsorption decreases markedly 
with increase of iron concentration of the sol and 
this is in agreement with Freundlich’s equation. 
Both kaolins and ball clays will adsorb iron com- 
pounds from such sols but the amount is not 
great. Florida kaolin adsorbs more than the 
other clays. Potters’ flint, tripoli, and feldspar 
will adsorb very little of these compounds from 
these ‘‘colloidal’’ solutions. 

The adsorption experiments were continued 
with the use of Graham’s dialyzed and Pean 
St. de Gilles’ ferric acetate sols. The former was 
prepared by adding standard ferric chloride solu- 
tion to boiling water, after which it was cooled 
and thoroughly dialyzed in viscose casings. The 
analysis showed that it contained 2.428 grams 
of iron per liter. Pean St. de Gilles’ sol was 
formed by adding ferric acetate solution to water 
and boiling for three hours in a Florence flask 
with a reflux condenser attached. The sol was 
stable, brick red in color, and contained 2.965 
grams of iron per liter. 


\ 
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The same raw materials were used as in the 
previous adsorption experiments. Five grams 
of each of these were thoroughly stirred for 20 
minutes with 100 milliliters of the sols and aliowed 
to stand for two weeks in glass-stoppered gradu- 
ates. The supernatant liquid was ther ana- 
lyzed for iron. Florida kaolin and tripoli ad- 
sorbed practically all of the colloidal ferric hy- 
droxide from both the Graham and the Pean 
St. de Gilles’ sols. The other materials did not 
adsorb the sols to any great extent. 

The results indicate that to color an engobe 
satisfactorily by adsorption of colloidal ferric 
hydroxide, such an engobe should consist essen- 
tially of tripoli, Florida kaolin, and feldspar. 
Eleven engobes containing these constituents 
were prepared and fired at cone 11. While not 
one of them was particularly satisfactory, the 
best two were selected for further study. One 
of these had a composition of 25% Florida kaolin, 
25% tripoli, and 50% feldspar, and the other, 
25% Florida kaolin, 40% tripoli, and 35% feld- 
spar. 

Graham's dialyzed sol having an iron content 
of 4.57 grams per liter was measured into a beaker, 
100 grams of the engobe were added, and the 
mixture was stirred and allowed to settle. The 
supernatant water was clear and was removed 
with a siphon. Ferric hydroxide, corresponding 
to 0.5, 1, and 2% of ferric oxide, was added in 
this manner to each of the engobes and these 
were applied to semivitreous tile, after which they 
were fired at cones 10 to 12. No pleasing colors 
were obtained, and a microscopic examination 
showed that the particles of iron oxide were 
larger than when a like amount of iron was added 
by precipitation of ferric hydroxide. 


(4) Coloration of Engobes by Direct Additions of 

Red Iron Oxide 

In this method, the engobes were weighed in 
the proper proportions, and the red iron oxide 
or basic ferric acetate was added. Series 9 corres- 
ponded with series 1 (Tables I and II), except 
that the iron was added in the form of basic 
ferric acetate. Series 10, 19, 20, and 29 corre- 
sponded to series 1, 373, 13, and 21, respectively, 
except that the iron in the former group was 
added as an equivalent amount of commercial 
red iron oxide. 

The results were not so satisfactory as when 
the iron was added by precipitation, and there 


was a tendency for gray shades to appear with 
Nos. 9, 10, and 19. With No. 20, which con- 
tained a high percentage of feldspar, the colors 
were similar to those of No. 13, in which the iron 
was precipitated as the hydroxide. 


(5) Coloration by Ferric Hydroxide Precipitated 

in a Silica Gel 

Sodium silicate (alkali-silica ratio 1 to 3.25) was 
diluted with three parts of water and neutralized 
with dilute ferric chloride. The gel thus formed 
was thoroughly dialyzed to remove the sodium 
chloride formed in the reaction and the excess 
ferric chloride. A chemical analysis of the gel, 
previously dried at 110°, showed that one gram 
of the dried gel contained the equivalent of 
0.1633 gram of ferric oxide. The base engobe 
was No. 373 (Table I); amounts of silica gel that 
would supply 0.5, 1, and 2% ferric oxide were 
added and the mixtures were ground with water 
for one hour in a pebble mill. The engobes were 
applied to tile and were fired to cones 8 and 12. 
Pink colors were obtained with the engobes which 
contained 1 and 2% ferric oxide and were fired 
at cone 8. The colors became brown with an 
increase in firing temperature. 


(6) Coloration by Calcines 

(a) A series of calcines was prepared from po- 
tassium nitrate, aluminum hydroxide, and silica. 
The molecular ratios of these varied from K,O-- 
Al,O;SiO, to with a difference 
of one mole of silica in each successive calcine. 
These mixtures were calcined at cone 16 for five 
hours and were ground to pass 200-mesh. The 
only well-sintered calcine was the last in the series 
with 5 moles of silica; not one of the engobes 
was satisfactory. 

(6) The nitrate solutions of alumina and iron 
were mixed, heated, and neutralized with ammo- 
nia. The hydroxides were dialyzed for two days in 
running water, calcined at 1000°, and ground to 
pass 115-mesh. Twenty-five grams of each of 
six calcines were prepared with the following molar 
ratios of iron oxide to alumina: 1:1, 1:2, 1:3, 
2:1, 1:4, and 4:1. The base engobe was No. 373 
(Table I). The calcines were added in such pro- 
portions that each engobe had an addition of 
1, 2, and 3% of iron oxide. The engobes were 
ground with water in a porcelain pebble mill for 
one hour and were applied in the usual manner. 
They were fired at cones 9 and 12. 

The colors were not as uniform as when the 
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iron was added by precipitation. Calcines which 
had a high alumina content produced buff colors 
while those with a high iron content were gray. 


(7) Calcines of Ceramic Materials Containing lron 

Oxide 

A series of calcines was prepared with ceramic 
materials in which iron hydroxide was precipi- 
tated from a ferric-chloride solution by ammonia. 
Most of the ammonium chloride formed in the 
reaction was removed by dialysis. The ignition 
losses of the clays and aluminum hydrate were 
obtained, and the iron hydroxide was precipitated 
on the basis of the ignited weights of the clays 
and aluminum hydrate, allowance being made 
for the iron present in the raw clays. A silica 
gel was prepared by the neutralization of sodium 
silicate with hydrochloric acid, then dialyzed, 
ground wet and washed with distilled water; 
it was then dried at 110°, ground to pass 200- 
mesh, and the ignition loss was determined. The 
mixtures prepared are shown in Table ITI. 


Taste III 


Calcine No. Materials 


1, 2, 3, 4 Potash feldspar and ferric oxide 

5, 6, 7, 8 Al English china clay and ferric oxide 

9, 10, 11, 12‘ Tripoli and ferric oxide 

13, 14, 15, 16 Commercial potters’ flint and ferric oxide 

17, 18, 19, 20 Aluminum and ferric hydroxides co-pre- 
cipitated 

21, 22, 23, 24 Florida kaolin and ferric oxide 

25, 26, 27, 28 North Carolina kaolin and ferric oxide 

29, 30, 31, 32 Commercial aluminum hydrate and ferric 
oxide 

33, 34, 35, 36 Potters’ flint ground 12 hours and ferric 
oxide 

37, 38, 39, 40 Silica gel and ferric oxide 


The amount of iron hydroxide added (precipi- 
tated in each mixture) corresponded to 2, 5, 10, and 
15% of ferric oxide for each material. 

These were heated at 1000° for one hour in an 
electric muffle furnace, and some of them were 
calcined in a Globar furnace at 1215°. The colors 
were measured with a Lovibond tintometer. 

Those calcines having potters’ flint as a base 
and calcined at 1000° (Nos. 13 to 16) had colors 
similar to those containing feldspar fired at 1000°C. 
A comparison of mixtures containing potters’ flint 
(Nos. 13 to 16), tripoli (Nos. 9 to 12), potters’ 
flint ground for 12 hours (Nos. 33 to 36), and 
silica gel (Nos. 37 to 40) showed that commer- 
cial potters’ flint gave the most intense coloration. 

North Carolina kaolin gave a darker color 
than Florida kaolin, and the grain size of the 
former is the larger of the two. 


The colors of calcines with commercial alumi- 
num hydrate are different from those with 
aluminum hydrate because the grains of the 
latter are colored throughout, and in the commer- 
cial aluminum hydrate there is a mixture of iron 
oxide and aluminum hydrate particles. 


lll. Microscopic Examination of Engobes 
and Calcines 


The microscopic examinations were made on 
immersed grains and magnifications of 500 to 
800 diameters were used. 

(1) Calcine No. 2 (feldspar with 5% ferric 
oxide) was not melted at 1000° and showed ag- 
gregates of hematite surrounding the unmelted 
feldspar. When heated at 1215°, the feldspar 
melted, but there was no reaction with the iron 
oxide and the color was an intense red. 

(2) Calcine No. 6 (Al English china clay with 
5% ferric oxide), fired in air at 1000° and 1215°, 
showed small grains and aggregates of hematite 
interspersed among the clay particles. When 
fired at 1215° in nitrogen, the hematite was re- 
duced and the clay aggregates were a brownish 
yellow. Small particles of finely divided magne- 
tite are also of this color. 

(3) Calcine No. 14 (commercial potters’ flint 
with 5% ferric oxide), when fired at 1000°, had 
practically the same color as feldspar containing 
the same amount of iron oxide and fired at the 
same temperature. At 1215° there was some 
aggregation of iron-oxide particles. 

(4) Calcine No. 38 (silica gel with 5% ferric 
oxide), when heated, showed some colorless grains 
and others with small inclusions of ferric oxide. 
The color was iight buff when fired at 1000°, but 
became darker at 1215° because there was con- 
siderable shrinkage of the silica gel. 

(5) Calcine No. 18 (5% ferric oxide co-pre- 
cipitated with aluminum hydroxide) showed little 
difference when fired to 1000° or 1215°. The 
grains were a light brown and these contained 
cryptocrystalline particles of corundum. No 
iron spinel was noted. 

(6) Calcine No. 30 (commercial aluminum 
hydrate with 5% ferric oxide) was fine grained 
and the hematite particles were dispersed among 
the alumina particles. 

(7) Very pure ferric oxide was prepared by 
roasting ferrous sulfate at red heat. The material 
became sintered and black in color when fired 
in air at 1215°, but a microscopic examination 
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showed that the iron oxide was in the form of 
hematite. Greig, Posnjak, Merwin, and Sosman** 
have pointed out that all grains of hematite are 
not of the same color and may be darker than 
usual due to physical inhomogeneities and because 
of the high birefringence of hematite; a grain that 
is composed of parts with different orientations 
appears darker than normal wher. seen in trans- 
mitted light. They also found taat if hematite 
is heated, the grains become larger and more 
compact. The writers found that if hematite 
was heated to 1215° the crystals were much 
larger than if heated at a lower temperature. 


(1) Engobes with Silica Gel in Which Ferric 

Hydroxide Was Precipitated 

The iron oxide particles were well distributed 
and red when the engobe was fired at cone 8. 
These grains were in a matrix of an isotropic 
material, presumably silica gel, and the indi- 
vidual particles of the iron oxide were very small, 
being less than one micron in diameter and ar- 
ranged like fish roe. The color of those engobes, 
containing 1 and 2% ferric oxide, fired at cone 8, 
was an orchid shade, but became brown when 
fired at cone 9 or higher. 


(2) Engobes with « High Percentage of Feldspar 

With firing temperatures corresponding to 
cone 8, the individual particles of ferric oxide 
were small and were surrounded by particles of 
feldspar glass. At cone 12, there had ap- 
parently been a slight reduction of the iron oxide. 
There was no sign of solution or reaction of the 
hematite with the glass. 


(3) Engobes with Calcium Oxide and Ferric Oxide 

Where the Seger glaze was used with engobes 
having a high iron content, the glaze became 
dark at high temperatures of firing. An exami- 
nation of several of these engobes showed that 
the iron oxide particles were very black in color, 
but there were no signs of the formation of new 
compounds. 


(4) Engobes with Direct Additions of Commercial 

Red Iron Oxide 

There was no evidence of any reaction between 
the iron oxide and the other ingredients of the 
engobes. The iron oxide particles were black 
and opaque, except on the edges, where they were 
red, and when the larger aggregates were crushed, 
all of the fine particles were red; the engobe was 


gray. 


(5) Engobes with High Clay Content 

These engobes (No. 21-1) have a tendency 
toward buff colors, and if the iron oxide content 
is kept at 2%, excellent buffs are obtained. This 
color is due to the large number of clay particles 
in comparison with the number of hematite 
grains present in such engobes. 


(6) Engobes with High Silica Content 

The color tends toward brown and the iron- 
oxide particles were grouped around the grains 
of quartz which were comparatively large as 
contrasted with the clay grains in the engobe 
(No. 21-1). There was no evidence of any re- 
action, but there was an increase in size of the 
hematite particles with increased firing tempera- 
tures. 


IV. Effect of Furnace Atmosphere 

The engobes were applied to small pieces of 
semivitreous tile and all were given a preliminary 
firing at red heat to volatilize the ammonium 
chloride. A “Sentry” high-temperature Globar 
tube furnace was used and the temperatures were 
measured with a precision potentiometer in 
conjunction with a calibrated Chromel-Alumel 
thermocouple. Nitrogen, oxygen, air, and carbon 
monoxide were passed through the furnace. 

Commercial nitrogen was passed through the 
train recommended by Bowen and Schairer.** 

Commerical oxygen was passed through the 
train devised by Hostetter and Sosman,** except 
that rubber tubing instead of glass seals was used. 

Suction—bubbling bottle—safety trap—cal- 
cium chloride tower—Globar furnace—calcium 
chloride tower—bubbling bottle with sulfuric 
acid were used for air. 

For carbon monoxide, a gas generator—bub- 
bling bottle with sulfuric acid—calcium chloride 
tower—Globar furnace—bubbling bottle—hose to 
outside of building were used. The gas generator 
consisted of a flask in which formic acid was 
placed, thé sulfuric acid being introduced through 
a separatory funnel. This worked satisfactorily as 
the rate of reaction between the sulfuric and 
formic acids at room temperature is very slow. 

Engobes Nos. 373, 13, 21-1, and 21-19 (Tables 
I and II) with ferric hydroxide equivalent to 2 
and 5% iron oxide were used. All were fired at 
1105° and 1215° in atmospheres of oxygen, ni- 
trogen, and air; engobes Nos. 13 and 373 were 
fired in an atmosphere of carbon monoxide at 
600°, 800°, and 1050°. 


Effect of Iron and Its Compounds on Color and Properties of Ceramic Material 


In general the colors were a little more brilliant 
when the engobes were fired at 1215° in an oxygen 
atmosphere than when fired in air at the same 
temperature. They were greatly reduced when 
fired in a carbon monoxide atmosphere and also 
when fired in a nitrogen atmosphere at 1215°. 


V. Summary and Interpretation of Results 

(a) The most satisfactory method for adding 
iron oxide is to precipitate the iron in the engobe 
as the hydroxide, because uniform colors are ob- 
tained. The dispersion of the iron oxide is not 
so great as with naturally occurring clays, but 
the results are satisfactory. 

(6) Unusual effects are procured by using a 
silica gel in which ferric hydroxide had been 
precipitated because orchid shades are obtained 
which are unlike colors produced by any other 
method. 

(c) Direct addition of commercial red iron 
oxide causes specks due to the large particle 
size of the ferric oxide. 

(d) Very dark gray colors are obtained in 
certain engobes with a moderate feldspar con- 
tent, although the iron oxide is in the ferric form. 
The effect is due to the crystal growth of the 
hematite. Where commercial iron oxide is added 
to engobes with a high feldspar content, fairly 
satisfactory red colors are obtained. 

(e) The addition of iron hydroxide by adsorp- 
tion is not satisfactory as the particle size of the 
iron oxide grains is rather large. The presence 
of tripoli in the engobes causes them to have rough 
surfaces. 

(f) With calcined mixtures of co-precipitated 
aluminum and ferric hydroxides, those with a 
high iron content produce grays, while those with 
a high alumina content give buff colors. These 
differences are due to the colors of the individual 
calcines and not to the total amount of iron 
present since this is kept constant. 

(g) The composition of the engobes is one of 
the important factors in the production of colors, 
and these colors depend to a marked extent upon 
the fineness of division of the particles, and upon 
the fusibility of the feldspar. It has been shown 
that coarse-grained clays, like North Carolina 
kaolin, give a more intense color than fine-grained 
clays of the Florida type and that ground potters’ 
flint gives a lighter color than the commercial 
product when like amounts of iron hydroxide are 
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precipitated in them and the mixtures are cal- 
cined. 

(kh) Clays give a lighter coloration than com- 
mercial potters’ flint when the same amount of 
iron hydroxide is precipitated with them and the 
mixtures are heated. This is due to the difference 
in particle size of the two materials because, 
within the limits of this investigation, there is 
no evidence of chemical reactions taking place 
between clays or potters’ flint with red iron oxide. 

(t) Feldspar does not combine with the iron 
oxide within the limit of these experiments. The 
particles of iron oxide are surrounded by the 
feldspar glass which decreases surface reflections 
from the hematite and thus enhances the red 
color of the hematite. 

(j) To obtain buff colors, a high clay content 
is advisable; if browns are desired the quartz 
content should be high, and for good red colors 
the feldspar content should be about 60%. 

(k) Greig, Posnjak, Merwin, and Sosman**® re- 
ported that practically pure hematite is stable 
at 1378° when heated in a stream ofair. Within 
the limits of this investigation, the only possible 
changes in the ferric oxide by temperature alone 
in air are an increase in the size of the hematite 
crystals or an agglomeration of the same. These 
changes have been shown to take place by a 
study of ferric oxide heated at 1215° in a stream 
of air. 

(1) The exact knowledge of the reduction and 
oxidation of iron oxide can not be given by a 
measurement of excess air in firing unless the 
partial pressure of the oxygen in the flue gas is 
calculated. If the oxygen pressure in the com- 
bustion gases is greater than the dissociation 
pressure of ferric oxide, oxidation would be ex- 
pected to prevail. The recent work of Greig, 
Posnjak, Merwin, and Sosman* places the dis- 
sociation pressure of the oxygen in hematite at 
approximately two millimeters at 1200°. A na- 
tural gas with the composition 90% methane, 
5% ethane, and 5% nitrogen, fired with 20% ex- 
cess air, will have a partial pressure of the oxygen 
corresponding to 23 millimeters of mercury; 
thus at 1200° oxidizing conditions would occur, 
but at some higher temperature the partial pres- 
sure of the oxygen from the hematite would be 
above this value and consequently the iron oxide 
would be reduced. 

(m) With engobes fired in the Globar furnace, 
it is more certain that oxidizing conditions pre- 
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vailed than in the gas-fired kiln. The iron oxide 
present in engobes fired at 1215° in the Globar 
furnace in a nitrogen atmosphere was reduced 
and this reduction brought out the coloring power 
of the iron. The finely divided magnetite is 
yellow-brown in color, and it is thus possible to 
produce tan colors under reducing conditions. 
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INFLUENCE OF COMPOSITIONS OF UNDERSLIPS, GLAZES, AND BODIES ON 


BLISTERING AND OTHER GLAZE DEFECTS* 


By H. G. Scuurecut! anp J. F. McManon* 


ABSTRACT 

The adhesion between underslip and body or glaze is frequently broken in spots as a 
result of air being forced to the surfaces during the spraying of successive wet coats of 
slip or glaze. These breaks, which do not always heal in firing, develop defects known 
as blisters, pinholes, and round bare spots. This tendency may be reduced (1) by 
increasing the percentage of plastic clay in the underslip; (2) by spraying the underslip 
thinner; (3) by selecting more suitable ball clays; (4) by changing the raw materials 
and compositions of glazes; and (5) by using coarse in place of fine-grained bodies. 
It was found that blistering developed on bisque as well as on raw bodies. Many corre- 
lated glaze defects not visible on the dry specimens first appear after firing. 


|. Introduction 
Sprayed underslips or glazes adhere to the body. 
On breaking a dry piece of sprayed ware, the 
fracture seldom develops between the slip and the 


* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 24, 
1937 (White Wares Division). Received April 21, 1937. 

Professor of Research, Ceramic Experiment Station, 
New York State College of Ceramics. 
t Assistant Professor of Research. 


body; it usually follows the same plane as that 
of the body. This adherence makes it possible 
to produce a uniform glaze over a ceramic body 
and also keeps the glaze and body united while 
shrinking in the early stages of firing and in early 
fusion when molecular attraction tends to draw 
the slip from the body. A thin slab of raw glaze 
dried and placed on a body does not unite to the 
body uniformly but, when fired, tends to ball up. 


Taste I 
COMPOSITIONS OF THE UNDERSLIPS 


1A 1B ic 1D 1E 1F 1G 1H 1I 1J 1K IL 1M IN 10 iP 1Q 
English china clay 32.6 22.5 32.5 32.5 32.5 32.5 32.5 40.0 33.2 25.0 20.0 19.0 15.0 32.5 
Ball clay (1) 20.9 20.9 8.9 20.0 25.0 19.0 15.3 
Ball clay (2) 20.9 20.0 15.0 
Ball clay (3) 20.9 
Ball clay (4) 20.9 
Ball clay (5) 20.9 
Ball clay (6) 20.9 
Ball clay (7) 20.9 
Monmouth clay 100 40.0 22.1 30.0 
Calcined kaolin 19.1 
Cornwall stone 41.0: 41.0 41.0 41.0 41.0 41.0 41.0 19.9 45.0 45.0 30.0 35.0 41.0 34.3 
Buckingham feldspar 20.0 11.0 35.7 
Whiting 10.0 7.0 
Flint $60 66 $0 50 50 85.0 5.0 4.4 10.0 30.0 19.0 35.0 5.0 7 
Zircopax 22.9 
Soda ash 06 O06 O06 O68 O86 0.5 0.3 0.6 0.8 
(1) 53.4 43.4 53.4 53.4 53.4 53.4 53.4 50.0 60.0 53.1 45.0 40.0 40.0 38.0 30.0 53.4 15.3 
(2) 46.6 56.6 46. 46.6 46.6 46.6 46.6 50.0 40.0 46.9 55.0 60.0 60.0 62.0 70.0 46.6 84.7 
(3) 1.14 0.77 1.14 1.14 1.14 1.14 1.14 1.00 1.50 1.13 0.82 0.67 O.67 O.61 0.43 1.14 0.18 


(1) = plastic material. 
(2) = nonplastic material. 
(3) = ratio of plastic to nonplastics. 
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Influence of Slip, Glaze, and Body Compositions on Blistering and Glaze Defects 


G=Glaze U=Underslip B= Body 


GY 
7 
ing underslip 


Direclly after. 
Yn Fairy saturated 
vith> water 


Where underslip has coarse Where aan has fine 
pores the water is drawn pores the water is retained 


from underslip by body by under slip 


Pye glaze on under- Spraying glaze on under 


pores re- slip with filled pores does 
: om air and causes not release air and hence 
blisters. does not cause blistering 


Fic. 1.—Glaze defects originating in spraying. 


Many glaze defects originate from air bubbles 
causing failure of the glaze to adhere in spots 
(see Fig. 1). Where release of air during spray- 
ing is violent, blisters may develop.' This de- 
fect is most marked when the interval of time 
between application of the successive coats of 
underslip and glaze is long, 7.e., 5 to 10 minutes. 
Many blisters are '/\. to '/s inch in diameter, but 
freshly sprayed glazes will have many small pin- 
holes 0.050 to 0.002 to 0.010 ‘inch in diameter. 

In still other cases the bond is broken between 
the glaze and body but no blisters are formed; 
the defect is observed only after the ware has 
been fired. 


ll. Materials and Methods 

The compositions of the underslips used in 
this work are shown in- Table I. Three coats of 
underslip were sprayed on raw clay tile, 2 by 4 by 
1 inch, previously dried at 110°C. They were ap- 
plied to the tile with as little time between coats 
as possible. An interval of ten minutes, how- 
ever, was allowed before applying the first coat 


1H. G. Schurecht, 
Caused by Underslip,”’ 
182-84 (1934). 


“Blistering and Crawling of Glazes 
Jour. Amer. Ceram. Soc., 17 [6] 
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of glaze and then it was inspected for blisters. 
This long interval of time between spraying the 
underslip and glaze accentuates blistering. Sec- 
ond and third glaze coats were applied after 
five-minute intervals and inspected for blistering. 
The thickness of underslips was varied on other 
sets. 

The compositions of underslips 1A, 1C, 1D, 1E, 
IF, 1G, and 1P differed only in the ball clay 
used. 

In other series, the glazes were sprayed di- 
rectly on the body allowing five-minute intervals 
between the successive coats. 

The compositions of the glazes used were 


as follows: 
2B (Alkali lead borax glaze) 
Mill batch 
Calcined borax 
Whiting 
Lead oxide (PbO) 
Ga. kaolin 
Flint 
2H (Raw lead glaze) 


White lead 
Buckingham feldspar 
Whiting 

Zinc oxide 
Magnesium carbonate 
Kaolin 

Flint 

Tin oxide 


2] (Lead-free borax zinc glaze) 


Titanium alloy 15693 B frit 


2Q (Raw colemanite glaze) 


Calcined zinc oxide 
Buckingham feldspar 
Colemanite 
Barium carbonate 
Flint 
Tin oxide 
Separate sets of tile were made of Monmouth 
clay, Kentucky ball clay, Georgia kaolin, and 
Binghamton shale. 
The underslips and glazes were also applied 
to bisque bodies. 


Ill. Discussion of Results 


(1) Different Underslips 

In Table II, the underslips are arranged in 
order of their ability to resist blistering; Nos. 
1I and 10 produced excessive blistering while 


leaving unfilled pores. 
G G 
_ kaolin 
B 
llth 
(%) 
120.9 
uckingham feldspar 89.4 
Whiting 20.0 
Georgia kaolin 20.6 
Flint 46.2 
Tin oxide 30.2 
(%) 
| 
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Nos. 1E and 1H did not blister, owing probably 
to differences in their ability to retain water. 

It has been shown’ that as the plasticity of the 
clays is lowered their permeability to water is 
increased. The capillary attraction of water 
may be represented by the following formula: 
2Y 
grd 
H = capillary height (cm.) 

g = 981 gravitational acceleration (cm./sec.*) 
r = radius of capillary tube 


d = density of liquid at temperature of observation 
Y = surface tensions (dynes/cm.). 


H = (1) 


As the value, r, is increased the capillary at- 
traction is lowered. By raising the nonplastics 
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Slips from which the water diffuses most rapidly 
into the body directly after spraying develop the 
greatest amount of unfilled pores (see Fig. 1). 
The air in these unfilled pores is forced to the 
surface, developing blisters when the wet glaze 
is sprayed. In general, coarse-grained, short 
underslips cause this blistering more than fine- 
grained, plastic underslips, but there are excep- 
tions to this rule. 


(2) Thickness of Underslip 

The results with underslips of different thick- 
nesses are shown in Table III. The thicker 
the layer of underslip, the greater is the tendency 
to blister. Thicker underslips have more un- 


TABLE II 


TENDENCY OF DIFFERENT UNDERSLIPS TO DevELOP BLISTERS DURING SPRAYING ON RAw Monmouts Cray TILe 
(Underslips were sprayed 44°-47°Bé) 


Ratio of 

Tendency to develop blistering during plastic 

Thickness of spraying Thickness of to non- 

Slip underslips ne glaze plastic in 

Nos (in.) Ist coat 2nd coat 3rd coat (in.) underslip 
1E 0.012 None None None 0.016 1.14 
1H O11 Slight .016 1.00 
1L . 009 015 0.67 
1A .016 Bad .009 1.14 
1c .012 Slight 012 1.14 
1B .012 “a Few .018 0.77 
1D Slight Moderate 1.14 
1J .014 .016 1.13 
1K .013 None Bad 016 ).82 
10 009 Slight 013 0.18 
1P .013 14 
1G 004 Moderate .014 1.14 
1N .015 Slight .012 0.61 
1F Bad .O19 1.14 
1M O11 Moderate Very bad 014 0.67 
1I O11 Bad .021 1.50 
10 .016 7 .014 0.43 

III 


INFLUENCE OF THICKNESS OF UNDERSLIP ON TENDENCY OF GLAZES TO DeveLop BLISTERING DuRING 


SPRAYING ON RAW 


(Underslip 
No, of Thicknesses 
coats of 
under- Tendency 
under- slip 
slip (in.) Ist coat 
1 0.0062 None 
2 Slight 
3 .0150 Very bad 


in the underslip, the average value for r is in- 
creased and its capillary attraction and ability 
to retain water is decreased. Conversely, with 
an increase in plastic clay content, capillary at- 
traction is’ increased, permeability to water is 
decreased, and the ability of the underslip to re- 
tain water is improved. 

*H. G. Schurecht, “Mechanical Movement of Water 


through Certain Clays and Its Control,” Jour. Amer. 
Ceram. Soc., § [12] 928-36 (1922). 


Syracuse Tire * 


1F was used) 
Thickness 
to develop blisters during spraying of 
glaze 
2nd coat 3rd coat (in.) 
Moderate Very Lad 0.013 
Bad 
Very bad 019 


filled pores; therefore, more air is forced to the 
surface when a wet glaze coat is sprayed on. 


(3) Ball Clays in Underslips 


Ball clays Nos. 4 and 1 proved decidedly better 
than Nos. 7 and 5. This difference is probably 
due to the fact that some ball clays are finer 
grained than others and are more capable of 
retaining water. 


? 
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Influence of Slip, Glaze, and Body Compositions on Blistering and Glaze Defects 


(4) Different Glazes 

The results obtained with different glazes when 
sprayed on raw clay tile without using an under- 
slip are shown in Table IV. 


(5) Influence of Raw Bodies 


Glazes which were sprayed on tile made of 
Syracuse clays blistered more than when sprayed 
on tile made of Monmouth clay. This observa- 
tion led to a further investigation of the effects 
of different bodies on their tendency to create 
blistering. The results are shown in Table V. 

It is obvious that coarse-grained bodies like 
Binghamton shale, which has low capillary at- 
traction and high permeability, develop less of 
this trouble than finer-grained bodies like Ken- 
tucky ball clay, which has high capillary attrac- 
tion and low permeability. The body should 
have properties opposite to those of the under- 
slip to produce the least amount of blistering. 


TaB_e IV 


TeNpDENCY OF Some GLazes TO BiisteR DuRING Spray- 
ING ON RAw MonmMourtH TILE 


(No underslip was used and glaze was sprayed at five- 
minute intervals between coats) 
Tendency to develop blisters during the 
spraying of glazes 


Ist 2nd 
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(6) Bisque Compared with Raw Bodies 

In general, underslips which showed the least 
resistance to blistering on unfired specimens also 
displayed similar results on the bisque specimens. 


Fic. 2.—Sketches showing 
formation of blisters in spray- 
ing. 


Bisque ware shows a somewhat less tendency 
to produce blisters than unfired bodies although 
the difference is not great. 


(7) Influence of Spraying Defects on Fired Glaze 


3rd 
coat coat coat Defects 
2B Nome Slight Bad Blistering and other defects increased in num- 
2H " None ya ber and size on th m d with 
20 “ None “ unfired samples. It is evident that spraying 
TABLE V 
Errect OF DIFFERENT BopiES ON TENDENCY OF GLAZES AND UNDERSLIPS TO DeveLop BLISTERING DuRING SPRAYING 
Coats 
, a of sip Tendency to develop blisters during sprayings 
Cc an — 
body pt glaze Trial 1 Trial 2 Trial 3 
Underslip j None None None 
belt Moderate Moderat¢ — 
J 5 Bad 
2 Bad Bad 
{ Underslip j . None None None 
: ‘ 1J ) 3 Moderate Moderate Moderate 
Georgia kaolin 4 4 Slight s “ 
J 5 Moderate 
6 Unchanged Bad Bad 
( Underslip j None None None 
Syracuse clay Claze 4 Slight Slight 
oH 5 Slight 
Underslip None None None 
1J 
Binghamton shale 4 
| Glaze 5 
9 
2H 6 Slight 


rectly afte t 
~ Und bli 
ae 
) 
_ 
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causes many imperfections in the bond which are 
not apparent until the ware is fired. 

The defects on fired glazes which originated 
from spraying imperfections were of two dis- 
tinct types. One was a blister which originated 
under the underslip and in which the slip was 
actually lifted from the body. The other type 
of imperfection was circular bare spots '/« to 
‘/s inch in diameter in which the underslip was 
exposed. These defects probably originated from 
incipient blisters between the underslip and 
glaze, in which case the glaze was separated from 
the underslip during spraying, and in firing it 
crawled from these portions of the underslip. It 
appears, therefore, that the inclination of under- 
slips and glazes to develop blistering is respon- 
sible for more glaze defects than one would sus- 
pect from an exa:nination of the freshly sprayed 


ware. 
IV. Summary 

(1) Using more plastic clays in underslips tends 
to overcome blistering and pinholing during 
spraying because it changes the relative capillary 
attraction and permeability of body and under- 
slip to water. 

(2) Blistering is accentuated by spraying the 
underslip too thick. 

(3) Certain ball clays cause more blistering 
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than others when used in an underslip, probably 
due to their different water-retaining abilities. 

(4) Glazes sprayed directly on a body without 
an underslip may develop blistering; the amount 
is governed largely by the properties and propor- 
tions of the raw materials used 

(5) If successive coats of underslip or glaze 
are sprayed as soon as the wet sheen disappears 
from the previous coat, no blistering will develop, 
but if the intervals between coats are increased 
to five or ten minutes, excessive blistering may 
occur. 

(6) The structure of the body influences spray- 
ing defects. Fine-grained plastic bodies pro- 
duce more blistering than coarse-grained short 
bodies. 

(7) Spraying underslips and glazes on bisque 
ware develops blistering almost as much as spray- 
ing on raw bodies. 

(8) Many glaze defects originating during 
spraying first become apparent after firing. 
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EVAPORATION BY SUBMERGED COMBUSTION: VI, DEWATERING 
CLAY SUSPENSIONS* 


By KENNETH A. Kose, Hewrtt WILSON, AND THomas M. SHEEHYt 


ABSTRACT 
Submerged combustion methods are described and their advantages are discussed. 
The application of this method to the dewatering of highly colloidal kaolins has been 


made. 
efficiencies up to 85%. 


Evaporation takes place with thermal efficiencies up to 96% and evaporation 
There is no difficulty with the clay until concentrations above 


45% solids are reached. Hard particles then form owing to insufficient agitation. The 


solids content has been carried to 67%. 


1. Introduction 
The success with which submerged combustion 
has been used in heating and evaporating showed 
that it might be useful in dewatering highly col- 
loidal clays. 


* Received February 10, 1937. 

+t The authors of this paper are from the University of 
Washington, Departments of Chemical and Ceraraic 
Engineering, Seattle, Wash. 


ll. Submerged Combustion 
(1) Submerged Combustion Defined 


Submerged combustion is the burning of a fuel- 
air mixture in such a manner that the combustion 
chamber is entirely surrounded by the liquid be- 
ing heated, and the hot products of combustion 
pass through the liquid so that heat is transferred 
from the hot gases directly to the liquid. Fuel 


Evaporation by Submerged Combustion: VI, Dewatering Clay Suspensions 


gases and fuel oils are used. Gas equipment has 
been developed to a point of considerable use; oil- 
burning equipment is still in the experimental 
stage. The combustion chamber in which the 
gas-air mixture ignites need not be large enough 
for complete combustion to occur within the cham- 
ber, but it should be of such size to maintain a 


Fic. 1.—Evaporator and burner used. 


flame that will ignite the combustible mixture. 
The flame actually is forced out into the liquid 
by the flow of gas and air to the combustion 
chamber. 


(2) Equipment 

A complete description of commercial sub- 
merged combustion equipment has been given.' 
The essential parts of a burner for gaseous fuel 
are compressors for gas and air, a mixing chamber, 
a velocity tube, and a combustion chamber. The 
gas and air must be compressed sufficiently to 
overcome the frictional resistance of the apparatus 


‘(a) K, A. Kobe, “Submerged Combustion Attacks 
Difficult Heating and Evaporating Problems,’’ Chem. Met. 
Eng., 41, 300-301 (1934). 

a5) K. A. Kobe and C. W. Hauge, “Commercial Burn- 
ers for Underwater Fires,” Power, 77 [8] 402-403 (1933); 
Ceram. Abs., 13 [1] 21 (1934). 

(c) K. A. Kobe and C. W. Hauge, “Submerged Com- 
bustion Meets Many Industrial Heating Needs,” Power, 
77, 460-61 (1933) 
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and the hydrostatic head of the liquid in which 
the burner is immersed. The gas and air must 
be mixed to give an entirely homogeneous gaseous 
mixture in which combustion will occur uniformly 
andcompletely. Because of this homogeneous mix- 
ture, the amount of excess air used for the com- 
bustion may be greatly reduced compared with 
ordinary combustion, and a reducing atmosphere 
may be maintained if necessary. 

In industrial use in England, the Hammond 
burners contain the mixing <hamber, velocity 
tube, and combustion chamber; thus separate 
lines bring the gas and air to the burner. In the 
small Kemp burner, the gas and air are mixed in 
a carburetor and the combustible mixture is piped 
to the burner, making necessary the use of ex- 
plosion safeguards in the lines. 

When a combustible mixture of gas and air is 
burned, the flame moves through the mixture at 
a definite rate which is the rate of flame propaga- 
tion. It is necessary that the gas mixture be 
supplied to the combustion chamber at a velocity 
greater than the rate of flame propagation. Thus 
the velocity tube must be small enough that the 
flame can never pass back into the mixing cham- 
ber. In the Hammond burner, this is accom- 
plished by means of an annular orifice ; in the Kemp 
burner, by a perforated refractory dish. The 
Hammond burner has a large refractory-lined 
combustion chamber in which heat radiated from 
the refractory insures complete combustion. The 
gases may be ignited beneath the surface of the 
liquid. The Kemp burner has a small chamber 
only large enough to maintain a flame; it must be 
ignited in the air and then immersed in the liquid. 

No oil-burning equipment is in use, but ex- 
periments in these laboratories indicate that 
fuel oil may be used successfully in a submerged 
combustion burner. 


(3) Advantages 

The hot products of combustion leave the liquid 
at the same temperature as the liquid itself so that 
a Hammond heating system reports an efficiency 
of 95% of the gross heating value of the gas. This 
relationship has been calculated for a burner using 
methane as the fuel gas.* 

As the gaseous products of combustion leave 
in thermal equilibrium with the liquid, they are 


*K. A. Kobe, C. W. Hauge, and C. J. Carlson, ““Evapo- 
ration by Submerged Combustion: III, Sodium Sulfate 
Decahydrate,” Ind. Eng. Chem., 28, 589-93 (1936). 
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saturated with water-vapor. The temperature of 
the liquid becomes that at which the vapor pres- 
sure of the liquid plus the partial pressure of the 
gases equals the external pressure. When evapo- 
rating at atmospheric pressure, the temperature 
of the liquid becomes about 90°C, which is the 
boiling point. Thus submerged combustion evapo- 
ration is equivalent to evaporation under a 
slightly reduced pressure. 

Heat transfer from the hot gases to liquid is 
extremely rapid. The gases are forced out into 
the liquid as small bubbles. When one cubic 
foot of gas is broken up into bubbles one thou- 
sandth of an inch in diameter, the surface becomes 
72,000 square feet. Thus a burner need be sub- 
merged but a short distance so that the gases 
come to thermal equilibrium with the liquid. 

The rise of the gas bubbles through the liquid 
produces vigorous agitation so that even very 
viscous liquids may be evaporated. Sulfite waste 
liquor was concentrated to 63% solids,* at which 
concentration it is a solid at room temperature. 
The Hammond system places the burner in a 
small circulation chamber so that the hot gases 
released from the burner act as an air lift to cir- 
culate liquid. 

Corrosion is easily controlled as the burner is 
the only object at a temperature above that of the 
liquid. The burner may be constructed of a re- 
sistant metal; because the container wall is not 
used for heat transfer, low-cost metal or ceramic 
material may be used. 


Ill. Dewatering Clay Suspensions 

The common method is to filter-press the sus- 
pension, which gives a cake containing about 30% 
water. This is dried by hot air to 5% water and 
then pulverized. The highly colloidal nature of 
many transported kaolins makes filtration a 
lengthy operation. Wilson, Page and Cart- 
wright* investigated the spray evaporation of 
such clay suspensions and found it to be satis- 
factory. Electrical methods have not yet come 
into use in this country.® 


*K. A. Kobe, F. H. Conrad, and E. W. Jackson, ‘‘Evapo- 
ration by Submerged Combustion: I, Experimental Equip- 
ment; II, Sulfite Waste Liquor,” Ind. Chem. Eng., 25, 984- 
89 (1933). 

* Hewitt Wilson, G. A. Page, and V. S. Cartwright, 
“Dewatering Clay by Spray Evaporation,” 
U. S. Bur. Mines Rept. , No. 3248, 42 pp. (1935); 
Ceram. Abs., 14 [4] 103 (1935); "1s [8] 252 (1936). 

SW. A. Koehler, Principles and Applications of Elec- 
trochemistry: Vol. II, Applications, p. 507. John Wiley 
& Sons, Inc., New York, 1935. 545 pp. 
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Fic. 2.—Two types of burners used. 


IV. The Investigation 


(1) Purpose 

The advantageous features of submerged com- 
bustion have led to this study of its application to 
dewatering highly colloidal kaolins. Operating 
conditions, efficiencies, and the nature of the 
product have been investigated. 


(2) Equipment Used 

The evaporator was that used in the evapora- 
tion of sulfite waste liquor.* The evaporator, 
scales, and burner are shown in Fig. 1. The burn- 
ers used were those employed in the evaporation 
of scale-forming salts* shown in Fig. 2. City gas 


_and air were compressed in rotary compressors, 


passed through the mixing chamber to give a 
homogeneous mixture which was brought to the 
burner through a heavy hose. The burners (Fig. 
2) were constructed from standard pipe fittings 
so the type of orifice through which the products 
of combustion issued could be readily varied. B 
is a reducer 1 to '/, inch in size, D, a 1-inch nipple 
1'/, inches long, and H, a l-inch cap. A is con- 
nected to the gas-air supply from the mixing 
chamber through a '/s-inch pipe to give a high 
velocity to the gas mixture, thus preventing the 
flame from flashing back through the pipe. C 
is a screen, metal, or refractory grid, separating 
the flame zone in D from the gas-air zone in B. 
To D may be connected a cap, H, drilled to give 


*K. A. Kobe and R. P. Graham, “Evaporation by Sub- 
merged IV, Potassium Chloride from Syl- 
vinite: V, Sodium Carbonate Decahydrate,” Ind. Eng. 
Chem., 2. 593-94 (1936); (see also footnote 2). 
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any type orifice, as /, or a reducer, E, and nipple 
F, will give a short tube orifice, G. 


(3) Evaporation Runs 

The initial runs were made with water to secure 
data with which could be compared the runs 
using clay suspensions. The evaporator was 
placed on the scales, 60 pounds of water were 
added, and the burner was lighted in the air and 
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A buff-firing clay from Lincoln, California, was 
dispersed in water to give a suspension containing 
approximately 7% clay. The sand and mica 
were allowed to settle out, the solids content was 
determined, and the slip was then placed in the 
evaporator. The slip was concentrated to 26% 
solids; data and results are given in run (2). It 
was not possible to carry the evaporation further 
because the liquid level had become too low in the 


DaTA AND CALCULATED RESULTS FOR SUBMERGED COMBUSTION EVAPORATION 


Material used 


Time of run (min.) 
Gas used (cu. ft.) 
Room temp. (°C) 
Skin temp. of evaporator (°C) 
Temp. H;O in evaporator (°C) 
Temp. of vapor (°C) 
Weight of charge (Ib.) 
Co, 


Exit-gas analysis = 


Fuel-gas Co 


2 
Fuel gas (B.t.u./cu. ft.) 
Ratio air to gas 
Excess air (%) ned (Ib.) 
Weighed (Ib. 

evaporated { Calculated (Ib.) 

: Heating value of gas 
Heat input { Sensible heat of gas and air above 60°F 


Total heat input (B.t.u.) 
Heat of vaporization of H»O evaporated 


Heat of vaporization of H,O from combustion 


Sensible heat in gases above 60°F 
Superheat of H,O vapor 

Thermal recovery (B.t.u.) 
Radiation and unaccounted losses 
Total heat output (B.t.u.) 
Thermal efficiency (%) 
Evaporation efficiency (%) 


Heat output 


immersed in the water. When the boiling point 
was reached and the steady state attained, data 
were taken at 15-minute intervals. The gas-air 
ratio used in the burner was controlled by an 
Orsat analysis of the flue gases. The water evapo- 
rated was determined by weighing at intervals. 
Runs were approximately three hours in duration. 
The average data and calculated results for a 
run on water are given in Table I, run (1). From 
these data were calculated the thermal and 
evaporation e“iciencies by the method previously 
given in detail.’ 


a @) Run No, . 
Water Lincoln, clay slip 
180 300 120 150 
76 138 57.5 75.5 
26 22 23 23 
32 25 25 23 
87.7 87.8 86.5 88.8 
87.7 87.8 89.7 88.8 
79.5 78 ot 55 
10.5 10.5 12.8 12.3 
0.0 0.0 0.0 0.0 
5.5 5.6 2.8 2.9 
84.0 83.9 84.4 84.8 
4.4 
6.5 
0.6 
16.8 
34.2 
17.6 
1.9 
18.0 
500.0 
6.08 6.07 4.97 5.2 
33.9 34.5 14.1 15.3 
35.5 63.2 26.7 33.2 
34.7 63.7 27.6 33.2 
36,000 66,300 27,600 36,100 
174 198 78 O4 
36,174 66,498 27,678 36,194 
31,400 55,500 ,500 28,500 
3,160 5,860 2,420 3,180 
1,033 1,895 679 891 
0 0 80 0 
35,593 63,255 26,679 32,571 
581 3,243 3,623 
36,174 66,498 27,678 36,194 
98.3 95.2 96.5 90.1 
86.9 83.5 84.8 78.8 


body of the evaporator. To secure a larger volume 
of concentrated clay slip, two more runs were 
made in the same manner so that all the material 
used had undergone the same treatment. 

The combined products of the three runs were 
placed in the evaporator and concentrated to 
55% solids. Data and results are given in run (3). 
No difficulties were encountered until a concentra- 
tion of about 45% solids was reached. Below 
this concentration, the liquid was fluid enough 
that the gases provided excellent agitation, and 
the burner remained free from any accumulation 
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of solids upon it. Above 45% solids, it was neces- 
sary to move the position of the burner con- 
tinually in the slip to prevent local overheating 
around the burner. As the viscosity increased, 
particles of clay clung to the burner and were 
vitrified by the high temperature of the burner. 
By continually changing the position of the 
burner, the growth of material around the burner 
was retarded, but at the end of the run a cone 
formation about 3 inches long was clinging solidly 
to the burner tip. In appearance it was similar 
to those of sodium sulfate previously described.? 

Another run was made concentrating a slip 
from 29 to 66.7% solids. Data and results are 
given in run (4). The same difficulty occurred 
here as in run (3). The clay adhered to the 
burner tip as a cone was partially vitrified and 
was continually broken so that small hard par- 
ticles were dispersed in the concentrated clay. 

A white-firing clay was concentrated from 25% 
to about 65% solids, using an open evaporator so 
that operating data were not taken. The con- 
centrated product was used for the ceramic tests. 


(4) Examination of the Product 


Similar tests were made on the original and 


evaporated clay to determine if this type of de 
hydration had altered any of the physical proper- 
ties of the clay. Test bars, 1 by 1 by 8 inches, 
were made, dried to constant weight, and fired 
for 6 hours at 1800°F. Small bars, 30 by 30 by 
45 millimeters, were dried and fired. The wet, 
dry, and fired volumes were determined in a 


mercury volumeter. After firing, the test pieces 
were compared as to color and texture; their 
transverse strengths were then determined. 


V. Discussion of Results 
The thermal and evaporation efficiencies are in 


Kobe, Wilson, and Sheehy 


good agreement with those previously determined 
for water and sulfite waste liquor.* The runs for 
water show the highest efficiencies. With the 
concentrated slips, it was difficult to have enough 
of the slip at the end of the run so that the burner 
could be submerged sufficiently to give complete 
thermal equilibrium. Furthermore, near the 
end of the runs some of the heat was used to 
cause parcial vitrification of the clay adhering to 
the burner. 

No difficulty of operation was encountered until 
the concentration had reached approximately 45% 
solids. Above this, the process had to be watched 
constantly to prevent local overheating as the 
viscosity of the slip had become too great for the 
ges bubbles to give sufficient agitation. The for- 
mation of hard, partially vitrified particles could 
not be prevented at these higher concentrations. 

The ceramic tests made on the original clays and 
evaporated clays from which the hardened par- 
ticles had been removed indicate that none of the 
original properties had been changed. The general 
plasticity and the drying and firing properties 
were the same. 


Vi. Summary 


(1) Clay slips have been concentrated by means 
of submerged combustion up to 67% solids with 
thermal efficiencies up to 96%. 

(2) The properties of the clay have not been 
altered by this evaporation process. 

(3) The formation of hard particles at con- 
centrations above 45% solids can not be prevented 
because the very high viscosity prevents agita- 
tion. 
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Beilby layer. G.I. Frycu. Sci. Progress, 31 [124] 609- 
25 (1937).—In 1901, George Beilby began the modern 
study of the effects produced when solid surfaces ar- 
ground, polished, or etched. The conception of the polish 
layer as being the result of a flowing of the material, where- 
by the surface becomes coated with an amorphous layer, 
is due to Beilby, and this is the layer named after him. 
G. P. Thomson (1930) put X-rays to use in studying the 
structure of polish. Finch (1934) found that the polish 
layer has the remarkable property, not possessed by a 
crystal surface, of being able to dissolve foreign crystals 
at room temperature. Bowden and Ridler (1936) meas- 
ured thermoelectrically the temperature of formation of 
the Beilby layer on a metal surface while it was being 
burnished; they found that the temperature quickly 
rose to the melting point of the metal and was independ- 
ent of any increase in the vigor of polishing. Hopkins 
and Lees (1935) found the thickness of the Beilby layer 
on hand-polished gold and copper surfaces to be 30A or 
15 to 30 atoms deep. The paper is illustrated with elec- 
tron diffraction patterns of silicon carbide, spinel, sapphire, 
etc. See Ceram. Abs., 14 [10] 237 (1935). H.HS. 
Control of abrasive dust: I. Frep B. Jacons. Mill & 
Factory, 19, 45-48 (July, 1936); Metals & Alloys, 7 [11] 
MA537 (1936).—J. discusses grinding methods with par- 
ticular reference to the need for and existence of dust 
control. In practically all industries where metals are 
ground and polished, steps have been taken to eliminate 
silicosis hazards by installing large central dust-collecting 
systems or small portable dust exhausters for nonsta- 
tionary work. Wet sandblasting is said to eliminate 
completely the dust hazard. Although the inhalation of 


Abrasives 


291 


silica dust is definitely dangerous, the inhalation of emery, 
silicon carbide, or alumina does not seem to result in in- 
jury. The need for control of dust appears to be greatest 
in gray Fe, malleable Fe, steel, and nonferrous foundries 
where the castings are ground dry to remove imperfec- 
tions. Several grinding operations with and without dust 
removal equipment are illustrated. I. Mill & Factory 
19, 50-52, 120 (Aug., 1936); Metals & Alloys, 8 [2] MA95 
(1937).—The dust hazard attendant on polishing opera- 
tions is discussed. In dry polishing operations, such as 
roughing and dry finishing, the dust consists of metal 
particles; in oil finishing, because of the application of 
grease or emery cake, dust particles are not so numerous. 
The dust from buffing operations is almost entirely lint 
from the wheel and is less with motor-driven polishing 
and buffing lathes than with belt-driven. Hood and 
blower installations for several types of polishing and 
buffing lathes are described and illustrated. I. Mill 
& Factory, 19, 56-59, 160 (Sept., 1936); Metals & Alloys, 8 
[2] MA95 (1937).—An adequate system for the collection 
and disposal of abrasive dust is composed of four major 
components: the hoods over the grinding, polishing, or 
buffing wheels; the system of main and branch pipes; 
the fan for creating the air pressure in the system; and the 
collector that separates the dust from the air and deposits 
it in a bin for the purpose. Hoods of various designs are 
described and illustrated, and the method of determining 
the required fan capacity is outlined. The legal aspect 
of dust removal, with especial reference to variations in 
state laws or regulations, is discussed. 

Finishing aluminum hollow ware. Anon. Sieel, 99, 
32-35 (Dec. 28, 1936); Metals & Alloys, 8 [5] MA289 
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(1937).—A description is given of some of the more im- 
portant operations and equipment used in the grinding, 
machining, and polishing of cast Al ware at the plant of 
Bremer Aluminum Co., New Washington, Ohio. 

Manufacture of emery paper. A. Becxer. Schleif- & 
Poliertech., 14 [2] 27-34 (1937).—B. gives a step-by-step 
description. 12 illustrations. F.E.V. 

Polishing and buffing nonferrous metals. R. S. 
LeaTHEerR. Abrasive & Cleaning Methods, 1 (2) 17-21 (1936); 
abstracted in Bull. Brit. Non-Ferrous Metals Research 
Assn., No. 92, p. 22 (1936).—L. gives a series of tabulated 
digests of knowledge, including abrasives commonly used 
on various metals; polishing and buffing zinc base die- 
castings; finishing operations for Ni, Ni plate, and Monel; 
and finishing operations for brass. See Ceram. Abs., 
16 [8] 229 (1937). 

Preparation of corundum abrasive powders at the Mos- 
cow plant. A.M. NemrTinov. Gorno-Obogatitel. Zhur., 
No, 3, p. 13 (1937).—The plant handles Semiz-Bugu cor- 
undum grains of 0.7 to 1.4 mm. having the following av- 
erage composition: Al,O; 91.58, Fe,O; 1.32, SiO, 1.84, 
TiO, 0.41, FeO 0.31, CaO 0.19, MgO 0.07, K,0+Na,0 0.42, 
and SO; 1.48%. The corundum is ground to 0 to 75 and 
the soluble part is removed with HCl and hot water. 
The fraction 0 to 5 is decanted with cold water while the 
fraction 5 to 754 is further classified into fractions 5 to 7, 
7 to 10, 10 to 14, 14 to 20, 20 to 28, and 28 to 75u4. Dur- 
ing 1936, the plant produced 750 tons. B.Z.K. 

Process to determine the numerical efficiency of grind- 
ing powders. W. Dawrnt, O. Fritscn, anp M. Srock- 
MAYER. Schleif- & Poliertech., 14 [1] 1-3 (1937).—Dia- 
mond, hard metal, and glass samples were subjected to 
wear and tear tests by different grinding powders. The 
test process allows an accurate numerical comparison of 
the efficiency of abrasives for a given sample and also of 
the resistance of different samples for a given abrasive. 
The comparison of efficiency of different abrasives de- 
pends on worked material. American and German boron 
carbides used for loose-grain grinding are equally effi- 
cient. Illustrated. F.E.V. 

Rail grinders—what progress in their development? 
Anon. Railway Eng. & Maintenance, 32, 539-41 (Sept., 
1936); Metals & Alloys, 8 [1] MA27 (1937).—Since the 
introduction of track grinders, constant redesign and de- 
velopment have been carried out. Track grinders may be 
classified as (a) rail-surface, (b) side-flow, and (c) cross 
grinders. Mail-surface grinders are further subdivided 
into those using revolving wheels and those of the recip- 
rocating type. 
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Abrasive garnet in 1936. Anon. U. S. 
Mineral-Market Rept., MMS 551, 1 p. Free. 
summary is given. . R.A.H. 

Abrasive materials industry in 1936. Anon. U. S. 
Bur. Mines Mineral-Market Rept., MMS 552, 3pp. Free. 
An advance summary for this industry is given. 

R.A.H 
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Abrading machine. C. G. Brosrrom (United Shoe 
Machinery Corp.). U. S. 2,087,238, July 20, 1937 (Feb. 
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11, 1935). A machine for scouring channels and channel 
flaps formed in shoe soles is described. 

Abrading wheel forming device. G.S. Gourp. U. S. 
2,088,084, July 27, 1937 (July 22, 1935). A wheel for 
forming the surface of an abrading wheel has a circular 
concentric series of projecting abutments substantially 
radial on one side, the opposite side gradually thickening 
toward the base, and hard blades cemented to the radial 
surfaces of the abutments in radial position and at a wide 
circumferential distance apart, the blades having a central 
convex configuration and sides slanting outwardly there- 
from. 

Abrasive cutting machine. Darrrey Lewis, W. L. 
WaALsH, AND W. B. Laswar, Jr. (American Chain & Cable 
Co., Inc.). U. S. 20,466, Aug. 10, 1937 (Dec. 14, 1936); 
reissue of orginal 2,031,052 (Ceram. Abs., 15[5] 140 (1936)). 

Abrasive device. C.W.Foss(Carborundum Co.). U.S. 
2,087,318, July 20, 1937(July 8, 1936). A flexible abra- 
sive article comprises a composite backing consisting of a 
hydrated cellulose sheet, a fabric sheet adhesively attached 
to one face of the cellulose sheet, and a heat-hardened resin 
filling the interstices of the fabric sheet in a quantity suffi- 
cient to provide the fabric component of the backing with 
a relatively rigid brittle characteristic and a layer of abra- 
sive particles adhesively attached to the face of the fabric. 

Abrasive materials. I. G. Farsenrnp. A.-G. (Georg 
Kranzlein and Richard K. Miiller, inventors). Ger. 638,- 
064, Nov. 10, 1936; Cl. 39). 22; Chem. Abs., 31, 1175 
(1937).—As binders for securing abrasive granules to a 
paper or fabric support, use is made of mixed esters ob- 
tained by esterifying a polyhydric alcohol partly with an 
aliphatic acid of at least 10 C atoms and partly with a 
polycarboxylic acid or a synthetic resin acid derived from 
a phenolaldehyde resin. A typical binder is prepared by 
esterifying glycerol with linoleic and phthalic acids. Other 
examples are given. The esters may be used in solution 
in an organic solvent o: in aqueous suspension and are 
finally hardened by heat, with or without pressure. Since 
the esters have waterproofing properties, they may be ap- 
plied to both sides of the support, the abrasive being then 
applied either to one side or to both sides. 

Abrasive tool. O. S. Buckner. U. S. 2,090,104, Aug. 
17, 19387 (Sept. 2, 1936). An abrasive wheel comprises a 
body of abrasive grains united by a heat-vulcanized bond 
of shellac, in which sulfur and an activator have been in- 
timately mixed. 

Blade sharpener and grinder. I. C. GELLMAN. 
2,087,769, July 20, 1937 (Aug. 14, 1935). 

Buffing wheel. S. W. Lippitt. U. S. 2,087,693, July 
20, 1937 (Feb. 3, 1936) 

Control mechanism for grinding machines. PETER 
PLANTINGA (Greenfield Tap & Die Corp.). U.S. 2,089,- 
002, Aug. 3, 1937 (May 20, 1935). 

Electrical controlling device for grinding and abrading 
machines. C. E. Every-CLayton (Wotan- und Zim- 
mermannwerke Akt.-Ges.). Brit. 469,009, July 28, 1937 
(Dec. 11, 1935). 

Garnet abrasive. R. H. Rizor (Mid-West Abrasive 
Co.). Can. 367,472, July 20, 1937 (Oct. 5, 1936). 

G.M.H. 
R. H. Rrzor (Mid-West 
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1937 


Abrasive Co.). Can. 367,471, July 20, 1937 (Feb. 8, 1936). 
G.M.H. 

Grinding or abrading wheels. Norron GRINDING 
Wueet Co., Ltp. Brit. 468,097, July 14, 1937 (June 13, 
1935). 

Grinding hard sintered carbide compositions. P. H. 
WaLKER AND A. H. Prey (Carborundum Co.). U. S. 
2,090,274, Aug. 17, 1937 (June 4, 1934). A bonded abra- 
sive article for abrading hard metal carbide compositions 
comprises abrasive material consisting of silicon car- 
bide grains including at least 50% of clear green crystals, 
the abrasive article being relatively soft and at least 40% 
porous. 

Grinding machine. C.G. Fiycare (Norton Co.). 
2,088,549, July 27, 1937(Oct. 19, 1935). 

Grinding machine steady rest. C. G. Fiycare (Norton 
Co.). U. S. 2,088,550, July 27, 1937(July 21, 1936). 

Grinding wheel. Jonn GrEENWoop (Lancaster Ma- 
chine Knife Works, Inc.). U. S. 2,089,847, Aug. 10, 
1937 (June 20, 1936). A grinding wheel having a rotary 
support provided with a substantially cylindrical surface, 
a plurality of grinding segments having substantially flat 
parallel sides and arranged in rows extending circumfer- 
entially of the cylindrical surface, the segments of each 
row being spaced apart at their ends to form open pockets 
between adjacent segments and being arranged in stag- 
gered and overlapping relation to and in contact with ad- 
jacent segments of the other row, and means for securing 
the segments to the support and arranged in the inner 
ends of the pockets, the outer portions of the pockets being 
open. 

Grinding wheel. K. F. Wuxtrcoms ANp H. W. WaGNeR 
(Norton Co.). Can. 367,157, July 6, 1937 (July 19, 1934). 

G.M.H. 
H. E. Bausicer, E. P. Wing, AND 
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Internal grinder. 
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Archeological outlines in prehistoric Persia. 
son. Sct. Amer., 156, 308-10 (1937).—Excavation at Tepe 
Hissar in the bottom layer found pottery made on a wheel 
and painted in geometric designs, hovels of mud and straw, 


and a few copper ornaments. There isa gradual transition 
to the second layer, which is characterized by a burnished 
gray wheel-made pottery, better houses, more jewelry, 
and more elaborately worked metal. The third layer is 
also characterized by gray pottery, but the use of the 
potter’s wheel has been abandoned. Here also is a wealth 
of metal objects and alabaster furniture. The first layer 
dates from about B.c. 3800, and the place was deserted soon 
after B.c. 2000. It may be possible to correlate the sec- 
ond layer with the first invasion of Indo-Europeans from 
northeast of the Caspian Sea into Persia, which took 
place about B.c. 3500 to 3000. W.D.F. 
Artist in the glass industry. W. WAGENFELD. Oéesterr 
Glasersztg., 2, 3-13 (1937). J.F.H. 
Ceramic discussions. RAouL DE BLotreriére. Céram., 
Verrerie, Email., 4 [8] 305-12 (1936).—The artistic 
renaissance in Italy was in the beginning a return to the 
artistic principles and realism of the ancient civilizations. 
Foremost among ceramists of that period is the name of 
Luca della Robbia (the elder). He was not the inventor of 
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Dantret Gurney (Landis Tool Co.). U. S. 2,088,682, 
Aug. 3, 1937 (Aug. 5, 1933). 

Lapping machine. H. S. Inpce (Norton Co.). U. S. 
2,087,874, July 20, 1937 (Feb. 6, 1935) 

Machines for lapping or polishing machine parts, etc., 
and methods of using such machines. Junkers FLUG- 
ZEUG- UND MOTORENWERKE AkT.-Ges. Brit. 465,923, 
July 28, 1937(Dec. 7, 1935). 

Machines for relief-grinding hobs and like tovis. Mon- 
arcH Toot Co., Lrp., anp H. Witson. Brit. 468,404, 
July 14, 1937(March 21, 1936). 

Manufacture of abrasive articles. CarsorunpumM Co 
Brit. 469,400, Aug. 5, 1937 (Feb. 9, 1935). 

Manufacture of abrasive coated webs. CarsoruNDUM 
Co. Brit. 468,216, July 14, 1937 (June 11, 1935) 

Manufacture of tools for truing griiding wheels. A. H. 
Lioyp AND Harry Boorn. U. S. 2,088,379, July 27, 
1937(May 15, 1936). 

Method for producing abrading rolls for use on abrading 
or polishing machines. E. E. Price (G. H. Tennant Co.) 
U. S. 2,089,707, Aug. 10, 1937 (July 1, 1935). 

Profiling and dressing grinding wheels. H. LinpNerR 
Brit. 468,874, July 28, 1937 (Dec. 30, 1935). 

Segmental surface-grinding cylinders and cup wheels. 
Emery Wueer Co., Ltp., T. E. Prentice, 
AND J. H. Fietcuer. Brit. 468,228, July 14, 1937(Jan. 1, 
1936). 

Surface-coated abrasive material. T. M. RicHMoND 
(Modern Engineers, Inc.). U.S. 2,089,426, Aug. 10, 1937 
(May 9, 1935). In an article in the nature of sandpaper, 
etc., an adhesive comprises asbestos cement, zinc oxide, 
sodium silicate, and water. 

Surface-grinding machines. 
Jung Maschinenfabrik). Brit 
(July 19, 1935) 


K. June (trading as K. 
468,867, July 28, 1937 


enameling with tin; that was an ancient importation from 
the orient. The characteristics of his school are as follows: 
paste composed of figuline clay, calcareous marl, and fine 
sand; biscuit firing of stamped clay; enameling of the 
biscuit with a mixture of lead-tin, white sand, common 
salt, and soda, which gives an opaque ground; firing this 
enamel; decorating with vitrifiable colors; and coating 
with a transparent enamel. B. lists the best known 
Italian ceramic factories of the Renaissance; each factory 
had its personal character regarding the execution of pieces, 
but all had the same tendency to overdo the details of or- 
namentation, a characteristic of the epoch but also an 
essentially Italian characteristic. Among French Ren- 
aissance masters, Bernard Palissy (Ceram. Abs., 16 [9] 
266 (1937)) is considered the leader of the French school 
After 15 years of work, deceptions, broken hopes, and 
half successes, during which he conceived the idea of using 
a glass furnace for firing his enamel, he finally emerged a 
master craftsman. Half the decorators of ware in France 
at this time were Italians and their influence was greatly 
felt. Abaquesne is another gieat name of that period of 


French ceramics. See ibid., p. 265. M.V.C. 
Cold and leadless glazes. A. N. Varsaavsxil anv R. 
L. Ryzurx. Stroitel. Materialy, No. 12, pp. 25-28 
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(1936).—A solution of bakelite resin in alcohol can be 
used; ware covered with this glaze with appropriate dye 
has the appearance of ordinary glazed ware. Three dif- 
ferent frits consisting of feldspar, sand, marble, and soda 
ash (in one case with chalk also) were prepared. Satis- 
factory results were obtained with all three. P.B.& E.S. 
Faience of Nimes of the 16th Century. DeEHLincsrR. 
Céram., Verrerie, Email., 4 [8] 329-39 (1936).—The faience 
of Nimes was originally inspired by Italian faience pro- 
duced by the factories of Faenza during the period between 
1540 and 1560 although they did not show that perfection 
which characterizes the production of the Faenza fac- 
tories about 1550. Their defects were compensated by 
other qualities, i.¢., originality and charm. At Nimes a 
faience factory was founded by a Frenchman, Antoine 
Sigalon; his faience was decorated in the Italian style 
but was influenced by French taste. D. gives a résumé of 
what is known of the faience manufacture of this period; 
although it was rather short, it produced pieces rivalling 
those of the Italian Renaissance. A description is given 
of pieces of Nimes ware in public and private collections. 
M.V.C. 
Lodi ceramics. ANon. Ind. Vetro & Ceram., 10 [2] 
32-33 (1937).—Between Adda and Po there is a large 
deposit of alluvial, clayey material. Very little of the 
Roman unglazed terra cotta has reached us. From the 
12th to the 19th Century, the production was important, 
especially in majolica. F.E.V. 
Plastic art in Australia. Anon. Clay Prod. Jour. 
Australia, 4 [9] 15 (1937).—The work of Loma Lautour 
and Deetje Andriesse of Sydney is described. H.H.S. 
Principles of colorimetry and practical color measure- 
ment. J. W. Perry. LEidgendss. Materialprifungsanstalt 
E. T. H. Zirich, Ber., No. 38, Diskussionsber., No. 15, 
pp. 49-56 (1928); Chem. Abs., 31, 298 (1937).—The 
principles of trichromatic colorimetry or that in which 
three primary colors are used as a basis of color compari- 
son are discussed. The apparatus of Guild (Ceram. Abs., 
5 [8] 240 (1926)) is regarded as particularly satisfactory. 
Data obtained with this instrument are interpreted 
in terms of the three primary colors. 
Purpose and form. W. WAGENFELD. 
sig., 2, 3 (1987). }.F.H. 
Sardinian ceramics. L. Armatrer. Ind. Vetro & 
Ceram., 10 [3] 47-48 (1937).—A. gives a short description 
of Phoenician, Carthaginian, and Roman ceramic products 
found in Sardinia. The artistic production is negligible 
although raw materials are available. F.E.V. 
Site of Ares shrine found. Anon. N. Y. Times, Aug. 
8, 1937.—The exact location of the Temple of Areshas been 
found in the market place of ancient Athens by excava- 
tions of the American School of Classical Studies. Inves- 
tigations of pits and shallow wells revealed a large quantity 
of sherds and many comp!'ete vases dating from the late 
Neolithic (B.c. 3000), early Helladic (B.c. 2500), and 
middle Helladic ‘B.c. 1800) periods. The late Neolithic 
vases are of excellent material. One, of red ware highly 
burnished on the exterior, has holes in the side handles 
and the base, apparently provided for the passage of withes 
to hold the cover in place. Excellent specimens from 
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the middle Helladic period were recovered, with coarse 
ware pots of the early Helladic period. A middle Hel- 
ladic mat-painted jug with a bridged spout and horizontal 
side handles reflects in shape the “island” influence of the 
flourishing Cretan civilization. Below the rim it is painted 
with a narrow band of crosses surmounting a broader band 
with a running spiral design. Vases for a variety of 
purposes and ranging in time from B.c. 1000 to the Roman 
age were excavated. Sculpture of the earlier periods is 
quite rare, since Sulla destroyed or carried away to Rome 
most of the better pieces in B.c. 86. One of the best of the 
few earlier statues recovered is a handsome head of a woman 
found in the same well as a vase of the Roman age. The 
style is that of the late Praxitelean period, while the fea- 
tures recall the common type of portrayal of the goddess 
Aphrodite. Miscellaneous items include terra cotta dogs 
and horses, the toys of ancient Greek children. M.V.C. 
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Coloring pottery. M. Perxrewicz. Ger. 635,521, Sept. 
21, 1936; Cl. 80d. 12.11; Chem. Abs., 31, 829 (1937).— A 
colored surface is produced by coating pottery with pig- 
ment mixed with resin, water, and an organic liquid and 
firing. The resin is dissolved in an organic solvent whose 
vapor tension is greater than that of water. The pigment 
is mixed with clay or other ceramic products. Instead of 


resin, resinates of Fe, Co, Mg, or Ba may be used. Glaze 
powder may be mixed with the pigment instead of clay. 


Designs for: 

Bottle. R.A. (Maison Joubert, Inc.). 
105,669, Aug. 17, 1937 (June 22, 1937). 
Closure. J. M. WxHeaton (Owens-Illinois Glass Co.). 
U. S. 105,723, Aug. 17, 1937 (Dec. 29, 1936). 
Condiment shaker. W. E. MAcCKELFRESH, Jr. (Owens- 
Illinois Glass Co.). U.S. 105,667, Aug. 17, 1937 (June 
9, 1937). 

Cream pitcher. W. E. Macke.rresn, Jr. (Owens- 
Illinois Glass Co.). U.S. 105,395, July 27, 1937 (June 9, 
1937). 

Decanter. W. E. MAacKELFRESH, Jr. (Owens-Illinois 
Glass Co.). U.S. 105,393, July 27, 1937 (June 9, 1937). 
Double boiler. E. B. Srern (McKee Glass Co.). U.S. 
105,718, Aug. 17, 1937 (March 19, 1937). 

Glass refrigerator dish, etc. A. H. Nicnoison. U. S. 
105,400, July 27, 1937 (June 16, 1937). 

Jar. O. C. Nosre (Tygart Valley Glass Co.). 
105,671, Aug. 17, 1937 (July 2, 1937). 

Plate. Yuxro Buma (Morimura Bros., Inc.). U. S. 
105,689, Aug. 17, 1937 (Dec. 10, 1936); refiled for 
abandoned application Serial Ne. D-59,039, Oct. 16, 
19385. U. S. 105,690, Aug. 17, 1937 (Dec. 10, 1936); 
refiled for abandoned application Serial No. D-59,142, 
Oct. 21, 1935. 

Sugar bowl. W. E. Macketrress, Jr. (Owens-Illinois 
Glass Co.). U.S. 105,394, July 27, 1937 (June 9, 1937). 
Tumbler. J. B. Bozum (Morgantown Glass Works). 
U. S. 105,430, July 27, 1937 (Feb. 23, 1937). U. S. 
105,567, Aug. 10, 1937 (Feb. 23, 1937). 
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Anhydrite-slag cement. P. P. Bupnixov. Concrete 
[Cement Mill Ed.], 43 [11] 35 (1935).—The addition of 
10% dry granulated basic blast-furnace slag to dead- 
burned anhydrite gives the highest compressive strength, 
having a value of about 1200 and 1600 Ib./ sq. in. at 7 and 
28 days. It differs from other anhydrite cements in that 
it has hydraulic properties. W.D-F. 
Carbonation of unhydrated Portland cement. ANON. 
Ind. Chemist, 12 [139] 381 (1936).—Exposure of three 
normal and one rapid hardening Portland cements to moist 
air and carbon dioxide shows that, while moist air free from 
carbon dioxide has little effect and dry carbon dioxide none, 
mixtures of the two decompose certain constituents of the 
cement and have the effect of rapidly increasing the loss 
on ignition and the carbonate coment with increasing 
time of exposure. H.E.S. 
Causes of unsoundness of cement. A.J. BLANK. Con- 
crete [Cement Mill Ed.], 43 [6] 38-40 (1935).—B. re- 
views the literature. Frequently, unsoundness is said to 
result from free lime or free magnesia and occasionally 
from alkalis, sulfoaluminates, and excess dicalcium silicate 
W.D-F. 
Compound content of Portland cement. F. M. Lea 
Concrete [Cement Mill Ed.], 45, 154 (1937).—Bogue's 
method of calculating cement compound composition de- 
pends on equilibrium being reached. A paper by Lea and 
Parker questioned this and suggested that some glass was 
formed. A misunderstanding has arisen in that some 
think the authors said the liquid present formed only glass. 
This is incorrect. The liquid phase present may not have 
time to run through the complex reactions leading to equi- 
librium, due to the quick cooling, but may crystallize in- 
dependently of the solid phase or form a glass or a mix- 
ure of both. W.D-F. 
Development of firing with solid, liquid, and pulverized 
fuels. H. Jorpan. Zement, 26 [22] 357-61; [23] 375-78 
(1937).—J. reviews recent German patents and gives a 
description and analysis. Illustrated. F.E.V. 
How rotary cement ki'ns are insulated. J. C. Craw- 
FORD, Jr. Concrete [Cement Mill Ed.], 43 [10] 35-38 
(1935).— Detailed drawings of an installation are given. 
W.D.F. 
Influence of granulometric composition and of different 
salts on the heat of hardening and mechanical properties 
of Portland cement. P. P. Bupnrkov AND L. G. GuLinova. 
Zhur. Priklad. Khim., 9 [11] 1937-50 (1936). 
P.B. & 


Natural and artificial pozzolanas: I. MANUEL DE LOs 


Analysis of cast and pig irons. R. Tayior. Ind. 
Chemist, 12 [139] 372-74 (1936).—T. gives a few prac- 
tical suggestions to make combustion estimations more 
useful and accurate and describes and illustrates the 
complete combustion apparatus for determining the 
amount of total carbon in pig and cast irons. H.E.S. 
Defects in enameling. J. Naprée. Céram., Verrerie, 
Email., 4 [2] 55-58; [6] 231-34 (1936).—Defects in enam- 
eling are explained, and reference is made to N.’s book, 
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Cements 


Enamel 


Santos. Cemento (Barcelona], Feb., 1935; translated in 
Concrete (Cement Mill Ed.], 43 [6] 42-43 (1935). 
W.D.F. 

Research on the shrinkage of cement, mortar, and con- 
crete. R. Durron. Ciment, 40 [1] 15-18 (1935).— 
Based on numerous results of researches made by him, D. 
gives this résumé. The shrinkage and swelling of mortar 
and concrete seem to depend on two main causes: (1) 
reactions of hydration of the constituents of the cement, 
which may lead to final compounds showing volumes 
entirely different from the initial volumes of the reacting 
substances; and (2) purely physical actions due to cap 
illary forces of the interstices. E.Sr. 

What is pozzolana? I. M. Patmierr. Concrete 
{Cement Mill Ed.]}, 43 [5] 42-45 (1935).—Pozzolana mor- 
tar was used in existing structures built at least 2000 years 
ago which are still in good condition. They are formed 
by the explosive ejection of molten lava and are highly 
porous, amorphous mixtures of free silica and alkaline 
silico-aluminate. They swell when immersed in lime 
water, forming calcium silicate or calcium silico-alumi- 
nate gel which progressively hardens with dehydration. 
All the lime can be leached out without disintegration 
or loss of strength. The chemical composition is of little 
use in identifying a pozzolana, and physical tests have to 
be made. II, Tests of pozzolanic activity. Jbid., [7] 
39-4!.—Because of the great variability in the chemical 
and physical composition of pozzolanic materials they can 
be recognized only as follows: (a) reaction with lime, (>) 
to give a hydraulic cementitious substance, (c) with high 
chemical resistance, and (d) increasing physical resistance. 
Testing for soluble silica does not help, and neither does 
the absorption of lime from a solution, without ascer- 
taining that the lime is forming a stable compound and a 
hydraulic cement. W.D.F. 

PATENT 

Cements for metallic and ceramic articles. Ropert 
Boscu A.-G. Ger. 635,111, Sept. 10, 1936; Cl. 80d. 12.06; 
Chem. Abs., 31, 232 (1937).—For uniting metal and (or) 
ceramic surfaces, use is made of cements comprising pow- 
dered Al,O;, preferably corundum, 95 to 99.8% and a 
fluosilicate, preferably MgSiF, 5 to 0.2%, brought to a 
suitable consistency with the aid of a concentrated water- 
glass solution. The use of the cements for fixing the 
middle electrodes of spark plugs is mentioned, and in this 
case a water-glass solution of 30°Bé is preferably used. 
More concentrated solutions may be used with articles 
not required to withstand high temperatures. 


Mechanical Working of Sheet Iron (Ceram. Abs., 14 [6] 
134 (1935)). See ibid., [3] 64 (1935). M.V.C. 
Effect of iron surface preparation upon enamel adher- 
ence. Kari Kautz. Jour. Amer. Ceram. Soc., 20 [9] 
288-95 (1937). 
Electrically heated convection heat-treating furnaces 
for light metal sheets. H. Dicks. Elektrowdirme, 7 [6) 


117-22 (1937).—Furnaces with air movement are de- 
M.H 


scribed and compared with salt bath furnaces. 
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Elements of costing with reference to vitreous enamel- 
ing. J.W.G. Pepper. Sheet Metal Ind., 10 [116] 951-52, 
957 (1936); 11 [117] 55-56 (1937).—Practical notes are 
given. A.P.S. 

Enamelers of the 19th and 20th centuries. Gaston 
Ricuet. Céram., Verrerie, Email., 4 [9] 345-49 (1936).— 
In 1840 began a renaissance of the art of enameling in 
France. A number of goldsmiths conceived the idea of 
enriching their works with enamels. The movement was 
confined to private enterprise until the Exposition of 
1844, after which, in response to popular demand, King 
Louis-Philippe ordered an atelier for enameling on metal 
to be opened at the Sévres factory and Meyer-Heine was 
put in charge. The latter made small enameled plaques 
to be mounted on brooches and jewelry, which influenced 
later trends. Some time later, Ebelman at Sévres decided 
to make these plaques in large dimensions, and though 
some of this work survives, R. contends that when an ar- 
tist enameler works in large dimensions, he commits the 
fault of losing the precious quality of this admirable ma- 
terial. Alfred Meyer and Claudius Popelin, both artist 
painters and writers, achieved success with their work in 
enamels. See Ceram. Abs., 16 [9] 268 (1937). M.V.C. 

Enameling of steel. A. E. Fristept. Industritidning. 
Norden, 63, 67-68 (1935); Chem. Abs., 31, 3225 (1937).— 
A review is given. 

Gas opacification of enamels. R.A.tpINcER. Keram. 
Rundschau, 45 [2] 13-15 (1937).—The importance of gas 
bubbles for opacification was often emphasized in the 
technical literature. Since the patent of I. Kreidl 


(Ceram. Abs., 15 [8] 232 (1936)), it was verified that gas 
Ex- 


always intervenes in the opacification of enamels. 
periments to obtain opacification by gas alone or mainly 


by gas are encouraging. F.E.V. 
Low-temperature carbonization. Davin BROWNLIE. 
Engr. of India,5 {1} 15-18 (1937).—B. describes the “Berg,” 
“Pintsch-Weber,” and ‘‘Hinselmann” processes now be- 
ing developed in Germany. See also Ceram. Abs., 12 [7] 
275 (1933). A.P.S. 
Metal degreasing prior to vitreous enameling. N. R. 
Hoop. Sheet Metal Ind., 11 [119] 301-302; [120] 383-85 
(1937).—H. reviews the three processes in common use in 
the vitreous enameling industry for the degreasing of 
metal, i.e., the mechanical process, the burning-off proc- 
ess, and the chemical process, the application of the 
first two being limited to special cases; methods using 
alkalis and solvents, however, have the widest applica- 
tion. The fundamental factors to be considered in an 
alkali detergent process, ¢.g., the wetting and penetra- 
tive power of the solution, the emulsifying power of the 
cleaner, and strength of solution, are discussed. Fire risk 
involved in organic solvents, the latest development in 
metal cleaning, has been eliminated by the develop- 
ment of chlorinated hydrocarbons, which are noninflam- 
mable, the best known being trichlorethylene which has 
a vapor heavier than air. The fundamental princi- 
ples and the essential features of plant design op- 
erating on trichlorethylene or other chlorinated solvents 
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are outlined; the essential factors to prevent excessive 
solvent loss during operation are given. A.PS. 
Methods of enamel application. RicHarp ALDINGER. 
Glashiitie, 67 [17] 273-76 (1937).—A. classifies enamel- 
ing methods as follows: (1) hand application, (2) semi- 
mechanical, and (3) mechanical methods. M.V.C. 
Practical wage-incentive plan for porcelain enamel 
plants. E. J. Gogns anp R. F. Hurst. Ceram. Ind., 
27 [5] 332-33; [6] 436-42 (1936); 28 [1] 82-86; [2] 156- 
60; [3] 232-34 (1937).—In this series of articles complete 
details are given of an “individual” wage-incentive plan 
conceived and placed in operation in the porcelain enam- 
eling plant of Roberts & Mander Stove Co., with re- 
sults of higher pay, lower costs, better work, and satisfied 
workmen. The methods of setting standards and in- 
centives for various workmen on rated operations and 
tying in unrated employees to make all employees have 
actually double incentives are discussed in detail. Edu- 
cation of the employees so that they can determine just 
how much bonus they have earned by simple calcula- 
tions involving their work-time records is explained. 
E.J.V. 
Robot sprayer improves ware in enameling plant. ANON 
Ceram. Ind., 27 [4] 259 (1936).—Operating details are 
given. E.J.V. 


PATENTS 


Enamel. PFAUDLER-WERKE A.-G. Ger. 639,922, Dec. 
16, 1936; Cl. 48c. 2.01; Chem. Abs., 31, 4076 (1937).—A 
heat-resiSting frit for enamel consists of 30 to 40 quartz, 
10 to 14 clay, 2 to 5 Ni»O; or Co,0; or both, and 5 to 10% 
Cr,0;. The frit is fused by heating to 900 to 1000°. 

Enameling. WerNER ScuReIBER. Ger. 634,518, Aug. 
29, 1936; Cl. 48c. 8; Chem. Abs., 31, 520 (1937).—The inner 
surfaces of sheet metal or plated ware are roughened and 
coated with enamel while the outer surfaces may be plated 
with Cr. 

Enameling iron. Pump Ever. Ger. 630,896, June 
8, 1936; Cl. 48c. 2.02; Chem. Abs., 31, 233 (1937). Addi- 
tion to 613,293 (Ceram. Abs., 15 [8] 231 (1936)).—Zr 
antimonate, or a product obtained by heating ZrO, with 
Sb,0;, is used in the process of Ger. 613,293 in place of 
the whole or a part of the corresponding compounds of 
Zn. Ger. 634,958, Sept. 7, 1936; Cl. 48c. 2.02; Chem. Abs., 
31, 830 (1937). Addition to 630,896.—Antimonates of 
alkaline earth or earth metals, or products obtained by 
heating Sb,O; with oxides of alkaline earth or earth 
metals, are used in the process of Ger. 613,293 in place 
of the corresponding compounds of Zn or Zr. 

Grate-for enameling furnace. Orro JuNKER G.m.B.H. 
Ger. 641,032, Jan. 19, 1937; Cl. 48c. 7; Chem. Abs., 31, 
3230 (1937). 

Removing enamel from metals. I. G. FARBENIND. A.- 
G. Ger. 641,031, Jan. 18, 1937; Cl. 48c. 4; Chem. Abs., 
31, 3230 (1937).—Mixtures of HF and H,SO, are used for 
removing enamel coatings from metals. Suitably, a bath 
containing HF 20 and H,SO, 20% is used at 20 to 30°. 


ve 
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All-glass constructions. G. Scures. Oesterr. Glaserstg., 
2, 29-31 (1937). J.F.H. 

Constitution of glass. N.A.SmsisHakov. Sorena, pp. 
52-56 (1935); Jour. Soc. Glass Tech., 21 [83] 3A (1937); 
see Ceram. Abs., 15 [2] 58 (1936); 16 [3] 85 (1937). 

Cutting glass and mirror panes. ANON. Ooesterr. 
Glaserstg., 2, 13-14 (1937). J.F.H. 

Dielectric losses in glasses. N. P. Bocoroprrskil AND 
V. N. Marysuev. Zhur. Tekh. Fiz., 5, 612-19 (1935); 
Chem. Abs., 31, 14 (1937).—-Data are given for tan 4 for a 
large number of acyl-celluloses, artificial fibers, and resins, 
for various borate, phosphate, K, Na, Pb, Al, and Ba 
glasses, and for various minerals. In glasses tan 3 is 
almost the:same for both high and low frequencies and 
increases with temperature. The lower the ohmic resist- 
ance, the lower is the temperature at which tan 6 be- 
gins toincrease. Addition of oxides of alkali metals causes 
a rise of tan 5 with temperature by increasing the con- 
ductivity. 

Double-belt leer handling ware of two distinct types. 
Joun Kuvumpp, Jr. Ceram. Ind., 27 [4] 257-58 (1936).— 
To meet a specific production problem involving the an- 
nealing of two different types of glassware, a new and 
unique annealing leer with a double-belt conveyer, each 
belt moving independently of the other and making it 
possible to have two annealing curves simultaneously 
within the same leer, was placed in operation at the El- 
wood, Ind., plant of Macbeth-Evans Glass Co. Advan- 
tages found in this equipment are flexibility, lower in- 
vestment cost than would be required for two single-belt 
leers, reduction in fuel costs since there are less radiation 
losses, lower maintenance cost, and some saving in labor. 
Complete construction details are given. E.J.V. 

Effect of heat treatment on the thermal expansion of 
some silica alumina glasses. C. L. THoMPSON AND C. W. 
PARMELEE. Jour. Amer. Ceram. Soc., 20 [9] 305-308 
(1937). 

Elastic and viscous properties of several soda-silica 
glasses in the annealing range of temperature. N. W 
TAYLOR AND P. S. Dear. Jour. Amer. Ceram. Soc., 20 
[9] 296-304 (1937). 

Electron diffraction by transmission through thin silica 
glass films. Louris R. AND V. M. Mos.ey. 
Presented at meeting of Amer. Phys. Soc., Pittsburgh, 
Pa., Dec., 1934; abstracted in Phys. Rev., 47, 330-31 
(1935).—Electron diffraction has been obtained by the 
transmission of electrons (25 to 38 kv.) through thin films 
of silica glass. The films were obtained from the glass 
after blowing out into a thin-walled bubble. Further 
reduction in the thickness of the film was made by treat- 
ment with HF acid. The. interference pattern recorded 
on a photographic plate can be described as follows: (1) 
at small angles the electron scattering was strong in con- 
trast to the known X-ray photographs which show small 
scattering in this region; (2) the prominent ring at (*/A)- 
sin @/. = 0.12 commonly observed by X-rays was pres- 
ent; (3) at (/A)- sin @/, equal to about 0.20 a prominent 
halo was observed; (4) a strong diffuse ring appeared at 
(*/d)- sin @/, = 0.40. These results can be discussed from 
the standpoint of scattering from amorphous SiO, pre- 
viously treated by Warren (Ceram. Abs., 13 [11] 289 
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(1934)). Frequently sharp interference spots or par- 
tially completed circles characteristic of crystal formation 
were found in addition to the above pattern. The most 
prominent ones give Bragg spacings of 4.2A (strong), 
3.7A (strong), and 2.52A (weak). The origin of this 
pattern has not been definitely established and it is pos- 
sible that it may arise from impurities. J.L.G. 

Faults in manufacturing safety glass with a cellulose 
ester binder. T. Pescu. Chem.-Zig., 61, 296-98 (1937); 
Chem. Abs., 31, 5119 (1957).—The paper is intended to 
supplement the textbook of H. G. Bodenbender, “Sicher- 
heitsglas” (Ceram. Abs., 12 [10-11] 369 (1933)). Failures 
of such glass result from impurities of the binding material 
caused by dust particles of various kinds, incomplete ad- 
hesion caused by nonhomogeneity of the binder, and 
various other causes mentioned in detail. P. recom- 
mends measures to avoid such failures based on his own 
and other research workers’ experiences. 

For the auto glazer. G. Scures. Oéesterr. Glaserzig., 2, 
84 (1937).—Correct and incorrect methods of mounting in 
a metal frame are illustrated. J.F.H. 

Formation of stones from refractories. ANoNn. Sprech- 
saal, 70 [9] 115 (1937).—The formation of stones in glass 
from the refractory materials of the tank is discussed. 
Illustrated. M.V.C. 

Fused silica in heating processes: I, Furnaces and 
heated inclosures. W.L. Patrick anp G.N. Prev. 
Chemist, 12 [136] 221-26 (1936).—Fused silica is available 
in the transparent form and the translucent form. The 
compositions of both are about 99.8% SiO,.. The differ- 
ence in their physical structures is due chiefly to the small 
gaseous inclusions which give the translucent form its 
opaque appearance. At temperatures above 1000°C, 
molecular rearrangement into the more symmetrical crys- 
talline form tends to occur, and consequently a tempera- 
ture of 1100°C is the upper practical limit. Compared 
with other structural materials, fused silica has a low 
thermal conductivity. It is an excellent electrical insula- 
tor at normal temperatures and still has high resistance 
at 1100°C. Chemically, it is unaffected by acids, ex- 
cept hydrofluoric acid and (at temperatures above 300°C) 
phosphoric acid, and by most gases and vapors. It is not 
resistant to ‘alkalis, and certain basic salts and metallic 
oxides have specific effects, but at temperatures below 
750°C, no reaction between oxides and fused silica is 
likely to occur. The application of fused silica as muffles 
and tubes in resistance furnaces, as a sleeve or former in 
induction furnaces, muffles in gas-fired furnaces, and as 
coal gas-air burners is described. Illustrated. See also 
Ceram. Abs., 16 [6] 170 (1937); for Part II see this issue, 
p. 309. H.ES. 

Glass and concrete construction. G. Scuren. Oeéesterr. 
Glaserstg., 2, 86-89 (1937).—The method of construction 
of a small dome carrying round glass inserts is illustrated 
photographically. J.F.H. 

Glass etching. G.Scnres. Oéesterr. Glasersig., 2, 75- 
78 (1937).—Etching formulas and techniques are given 


for carrying out various types of work. J.F.H. 
Glass transparent in only one direction. G. Scures. 
Oesterr. Glaserstg., 2, 78 (1937). J.F.H. 


Glass in western Pennsylvania. ANon. Amer. Glass 
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Rev., 56 [40] 9 (1937).—A tabulation has been made from 

U. S. Bureau of the Census data of the productive activity 
of the flat glass, container glass, and glassware industries 
in eleven western Pa. counties biennially from 1929 to 
1935. 

Glasses containing iron oxide: X. K. Fuwa. Jour. 
Japan. Ceram. Assn., 44 [524] 542-46 (1936).—Lithium 
oxide-lime-silica glasses, in which increasing quantities of 
CaO are replaced by Fe,O;, are described. Glasses con- 
forming to the oxide composition 72% SiOz, (12 —x)% CaO, 
and 16% Li,O, in which the quantity of x lies between the 
limits ranging from 0 to 12% of FeyOs, have been melted, 
and their general characteristics (FeO content, actual 
oxide compositions by chemical analysis, and character- 
istic transmission curves) have been determined. The 
corroding action of the lithium oxide glass upon the fire- 
clay pot, being far greater than that of the corresponding 
soda or potash glasses, has prevented experiments of fac- 
tory scale melting, which have been dealt with in pre- 
vious papers. F. has carried out this series of melting 
operations with a Globar electric furnace in the shortest 
possible time, ¢.g., about 2 hr., each melt being 250 g. of 
glass. The results of the chemical analysis are given in a 
table. The table shows that the amount of alumina in 
this series of glasses is far more than that contained in the 
series of the other alkali oxide glasses and that the per- 
centage ratio FeO/FeO + Fe,O, of these glasses presents 
a somewhat different tendency from that of the corre- 
sponding series of soda or potash glasses, which is con- 
sidered to be due to the small amounts of the melts and 
the agitation at one time in the course of melting to avoid 
the inhomogeneity of the glasses obtainable. In the de- 
termination of the t-ansmission curves of the test sam- 
ples, about 0.8 mm. in thickness, no remarkable char- 
acteristic differing from that of the soda or potash glasses 
has been observed. The glasses of this series presented, 
in general, a greenish color with increasing amount of 
iron oxide and a dark brownish color with a considerable 
amount of iron oxide. For Parts V-IXb see Ceram. Abs., 
16 [3] 86 (1937). 

How ophthalmic glass is made. F. R. Woopcock. 
Optician, 91, 253-55 (1936); Jour. Soc. Glass Tech., 21, 
[83] 22A (1937).—Giasses used in ophthalmic work are 
(1) ophthalmic crown, a glass of the approximate percent- 
age composition SiO, 70, CaO 11 to 13, Na,O 14 to 16, 
with small amounts of K,O:, B:O;, SbeO;, and As,O,; 
(2) flint, i.e., lead glasses, PbO 45 to 65, NazO + K,07 to 
10, SiO, remainder; (3) barium or barium flint glasses con- 
taining 25 to 40% BaO; and (4) colored glasses. Ac- 
cording to Bausch and Lomb practice for pot melting, the 
time for a complete melting is approximately 22 hr. as 
follows: fusion 7 to 8, refining 7 to 8, and cooling down 
to casting temperature 6 to 7 hr. Stirring is carried out 
at the end of the refiming period until the glass stiffens. 
Short periods of stirring might also be given during the 
earlier stages of refining to assist in forming large bubbles. 
The glass is cast and rolled to */s-in. sheets which are put 
through an annealing furnace, taking 8 hr. in the process. 
To eliminate iron, the grog used in pot manufacture is 
screened and magnetted before use. 

Improving Poshan glass. Tren-Sen Hu Anp Jur-Lin Lo. 
Nat. Shantung Univ., Dept. Chem. Lab., Research Repts., 
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No. 5, pp. 50-76 (1936); Chem. Abs., 31, 1565 (1937).— 
From the experiments made by the authors, the glass 
manufactured in the Poshan district, Shantung Province, 
China, should be improved along the following lines: (1) 
the Na,O content should be decreased, (2) the furnace 
should be rebuilt to get a higher temperature, and (3) the 
annealing furnace should be improved so that the tem- 
perature can reach 650° and its walls should be made 
thicker. 

Institute for Glass Research in Koniggratz. G. Scuies. 
Oesterr. Glasersig., 2, 71-74 (1987). J.F.H. 

Molecular orientation in liquid crystals. F. P. Dwyer. 
Jour. Australian Chem. Inst., 4 [5] 163-64 (1937).—A 
lecture is reported in which the types of substances that 
form liquid crystals, their range of temperature, the mak- 
ing of liquid-crystal glasses, and the effect of magnetic 
and electric fields were discussed. Specimens of polar- 
izing glass were shown in which the polarization is achieved 
by the parallel orientation of minute crystals of a cobalt 
hexamine periodate. In the discussion, R. K. Murphy 
suggested the term “reguline” to cover forms of matter 
which show no outward crystal face but give a crystal- 


line X-ray picture. H.H.S. 
Origin of the word “glass.” G. Scures. Oesterr. 
Glaserstg., 2, 35 (1937). J.F.H. 


Philippine bagasse ash as a raw material for glass- 
making. SALVADOR DEL Munpo. Philippine Jour. Sci., 
60, 125-35 (1936); Chem. Abs., 31, 1565 (1937).—The 
composition of Philippine sugar cane bagasse ash very 
closely resembles that of common bottle glass. The 
ash contains about 81.5% SiO., 6% (ALO; + FeO), 5% 
(CaO + MgO + MnO), and 7% (Na,O + K,O). The 
average solubility of the ash in water is usually less than 
0.4%. The mechanical composition of the ash makes it 
a more suitable raw material than sand, as it is loose 
and very friable, giving more homogeneous batches. 
Since the ash is a complex silicate formed at high tempera- 
ture, there is less danger from devitrification of the glass 
made from it. In spite of the relatively high content of 
Al,O;, batches made from the ash were actually found to 
melt easily. No difficulty was experienced in refining 
glass made from the ash. Analytical and comparative 
data are given. 9 references. 

Physical characteristics and properties of textile ma- 
terials made from glass. J.H.THomas. Jour. Amer. 
Ceram. Soc., 20 [9] 309-10 (1937). 

Principles of recirculation in glass annealing leers. H. 
C. WELLER. Amer. Glass Rev., 56 [21] 10 (1937).—To ob- 
tain temperature uniformity in glass articles during an- 
nealing, the greatest possible surface should be exposed to 
the heating and cooling elements. Rapid recirculation of 
gases around the ware aids in maintaining uniform tem- 
perature throughout any vertical cross-section, counter- 
acts outside drafts, and overcomes the problems met with 
large and irregular shapes. A.P. 

Round tanks for window- and bottle-glass production. 
Tuomas B. Hart. Ceram. Ind., 27 [4] 270-72 (1936).— 
H. describes furnaces which are round or ellipsoid in shape, 
in which uniform temperature control and uniform glass- 
melting are obtainable by proper arrangement of lumi- 
nous flame firing ports. The bridge walls are arcuate or 


semiarcuate to cause all extraneous matter forming upon 
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the surface of the glass in the melting end to eddy auto- 
matically in opposite directions to where the skimmer 
working through side-wall openings can remove them. 
A projected throat delivers the molten glass to a more cen- 
tral portion of the refining end. All constructional de- 
tails are described with the aid of drawings. E.J.V. 

Standard samples for the glass industry. Anon. Bull. 
Amer. Ceram. Soc., 16 [8] 349 (1937). 

Wall coverings of glass, technique of assembly, ex- 
amples, and future possibilities G. Scures. Oéesterr. 
Glaserstg., 2, 42-56 (1937). 
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Annealing upwardly drawn sheet glass. N. V. 


LANDSCHE Mij. vOOR DE VERVAARDIGING VAN GLAS. 
Ger. 635,193, Aug. 27, 1936 (March 14, 1934); N 36,455, 
VI/32a, Gp. 239; Jour. Soc. Glass Tech., 21 [83] 50A 
(1937). Heating elements are disposed in the shaft be- 
tween the pairs of rollers to control the annealing of the 
sheet. 


Apparatus for: 
Conveying glassware into a furnace. WALTER ForRSTER. 
Ger. 634,629, Sept. 3, 1936; Cl. 32a. 34; Chem. Abs., 
31, 517 (1937). 

Distributing molten glass. W.T. Backer, Jr. (Aktie- 
bolaget Surte-Liljedahl). Swed. 83,098, April 9, 1935; 
Chem. Abs., 31, 2766 (1937). 

Forming the stems of glass vessels. JAkop DICHTER 
Ger. 632,757, July 13, 19386; Cl. 32a. 26; Chem. Abs., 
31, 230 (1937). 

Grinding edges of glass plates. L. J.-B. Forpes (Tri- 
plex (Northern), Ltd.). U. S. 2,088,737, Aug. 3, 1937 
(April 3, 1936). 

Hardening glass. Soc. ANON. DES MANUFACTURES DES 
Giaces & Propurrs pe Sr.-Goparn, 
Cuauny & Crrey. Ger. 634,628, Aug. 31, 1936; Cl 
32a. 30; Chem. Abs., 31, 517 (1937). 

Hardening glass plates. Soc. ANON. DES MANUFAC- 
TURES Des Graces & Propuritrs pe Sr.- 
Goparn, CHauny & Crrey. Ger. 636,893, Oct. 15, 
1936; Cl. 32a. 30; Chem. Abs., 31, 3227 (1937). 
Making glass sheets. N. V. Ho_Lanpscue voor 
DE VERVAARDIGING VAN Gras. Fr. 801,881, Aug. 20, 
1936; Chem. Abs., 31, 1569 (1937). 

Making glass threads. Comprorr pes TEXTILEs ARTI- 
rictets (Soc. ANoN.). Fr. 806,037, Dec. 5, 1936; 
Chem. Abs., 31, 4467 (1937). 

Making hollow glass articles. Hartrorp-Empire Co. 
Fr. 807,168, Jan. 6, 1937; Chem. Abs., 31, 5529 (1937). 
Making hollow glass bodies. Hartrorp-Empirre Co 
Ger. 635,507, Sept. 22, 1936; Cl. 32a. 15; Chem. 
Abs., 31, 827 (1937). 

Making multiple-chamber flasks. GLas- 
HUTTENWERKE G.m.8.H. Ger. 640,707, Jan. 11, 1937; 
Cl. 32a. 15; Chem. Abs., 31, 5529 (1937). 

Making sheets of glass. ComPpacnies R&UNIES DES 
GLaces ET VERRES Sp&c1AUX DU NORD DE LA FRANCE. 
Fr. 803,337, Sept. 28, 1936; Chem. Abs., 31, 2766 (1937). 
Molding plastic materials around glass sheets or objects. 
PILKINGTON Bros., Ltp. Fr. 801,539, Aug. 6, 1936; 
Chem. Abs., 31, 517 (1937). 
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Tempering glass. Apert Doucus. Fr. 802,590, Sept. 
8, 1936; Chem. Abs., 31, 1973 (1937). Soc. ANON. pgs 
MANUFACTURES Des Giaces & Propurrs CHIMIguEs 
pe St.-Goparn, Cxauny & Crrey. Fr. 803,643, Oct. 
5, 1936; Ibid., p. 2767. 

Tempering glass objects. Soc. ANON. pgs MANUFAC- 
TURES pes Giaces & Propuits Cumigues pe Sr.- 
Goparn, CuHauny & Crrey. Fr. 806,220, Dec. 10, 
1936; Chem. Abs., 31, 4467 (1937). 

Tempering glass sheets. American Securit Co. Brit. 
468,471, July 21, 1937(April 6, 1935). Brit. 469,072, 
July 28, 1937(Feb. 29, 1936). 

Tempering sheets of glass. American Securir Co. 
Fr. 806,206, Dec. 10, 1936; Chem. Abs., 31, 4467 (1937). 
Tempering tubular glass articles. Prxincton Bros., 
Lrp. Ger. 636,476, Oct. 10, 1936; Cl. 32a. 30; Chem. 
Abs., 31, 827 (1937). See Brit. 448,266 (Ceram. Abs., 
15 [9] 274 (1936)). 


Borosilicate and cerium glass. H. P. Hoop (Corning 
Glass Works). Can. 367,461, July 20, 1937 (May 29, 
1936); see Ceram. Abs., 16 [4] 117 (1937). G.M.H. 

Cellular glass. Soc. ANON. DES MANUFACTURES DES 
Graces & Propurrs Cumigves pe Str.-Gopain, CHAUNY 
& Crrey. Ger. 634,405, Aug. 27, 1936; Cl. 32d. 1; 
Chem. Abs., 31, 230 (1937).—Ground unclarified glass, 
containing a sulfate residue, or a ground mixture of fritted 
vitrifiable substances is heated in a mold with a reducing 
agent, e.g., Si, Fe-Si, a carbide, or coal, until gas is evolved 
from the melt. A suitable glass contains SiO, 70, Na,O 
14.24, CaO 4.%, Al,O,; 7, BO; 3.55, and SO, 0.3 parts, and 
may be heated with about 43% of SiC. Alternatively, a 
mixture of ordinary ground glass, powdered quartz, Na,- 
SO,, and a reducing agent may be heated. A suitable 
mixture contains ground glass 90, powdered quartz 3, 
Na,SO, 6, and coal 1%. 

Cellular glass. Soc. ANON. DES MANUFACTURES DES 
Graces & Propurrs Cxurmigues pe St.-Goparn, CHAUNY 
& Crrey. Ger. 639,259, Dec. 2, 1936; Cl. 32b. 1; Chem. 
Abs., 31, 1569 (1937).—A powdered vitreous or vitri- 
fiable silicate composition, containing a substance which 
evolves a gas when heated, is introduced rapidly into a 
mold which has been preheated to the softening tempera- 
ture of the composition. The temperature is maintained 
until a cellular product results. 

Coating glass. IstvAN Cs&r1. Hung. 115,475, Dec. 1, 
1936; Chem. Abs., 31, 2378 (1937).—Glass is coated with 
a gelatin emulsion to which adhesive and coloring agents 
have been added. The surface of the gelatin may be 
treated with dyes. The coating is protected against mois- 
ture by a film of stearin, oil, lacquer, rubber, casein, etc. 

Control of mold opening and closing. EvropAiscuer 
VERBAND DER FLASCHENFABRIKEN G.M.8.H. Ger. 631,- 
038, May 20, 1936 (July 17, 1934); E 45,811, VI/32e, Gp. 
12; Jour. Soc. Glass Tech., 21 [83] 42A (1937).—The 
opening of the neck mold or of the tongs holding the neck 
of the parison is so linked with the closing of the blow mold 
that the two motions are completed at the same time. 

Crucible for continuous fusion of glass. Les Fits pr 
J. May. Fr. 802,847, Sept. 16, 1936; Chem. Abs., 31, 
1973 (1937). 


Electric furnace. U. S. 2,089,689, 


Y. R. Cornevivs. 
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Aug. 10, 1937 (April 5, 1934). An electric glassmelting 
furnace comprises means for passing electric heating cur- 
rent through the molten glass contained therein, a hopper 
mounted over the molten glass for discharging batch ma- 
terial thereon, and adjustable means for supporting the 
hopper above the level of the molten glass at such distance 
therefrom as to variably control the weight of the batch 
material supported thereby. 

Electric furnace. Y. R. Cornerius. U. S. 2,089,690, 
Aug. 10, 1937 (Jan. 16, 1935). An electric furnace com- 
prises furnace walls and a furnace bottom defining a space 
adapted for containing a conductive bath formed from a 
superposed layer of raw material to be treated in the fur- 
nace, a plurality of electrodes between which current is 
adapted to flow through the conductive bath, and elec- 
trical connections for the electrodes entering the raw ma- 
terial layer for being cooled thereby. 

Electric radiation furnaces. Soc. ANON. DES MANU- 
FACTURES DES GLaces & Propurts CHIMIQUES DE StT.- 
Gosain, CuHauny & Crrey. Brit. 468,997, July 28, 1937 
(Oct. 19, 1935). 

Furnace for fusing glass. 
STRUCTIONS ELEcTRIQUES DE JEeUMONT. Fr. 
Sept. 8, 1936; Chem. Abs., 31, 1973 (1937). 

Furnace for glass heated by electric resistances above 
the glass. Henri J. Brvort. Fr. 803,543, Oct. 2, 1936; 
Chem. Abs., 31, 2766 (1937). 

Furnace for heating glass for tempering. PILKINGTON 
Bros., Ltp. Fr. 802,144, Aug. 28, 1936; Chem. Abs., 31, 
1569 (1937). 

Furnaces for the heat treatment of glass objects. Soc 
ANON. DES MANUFACTURES DES GLaces & PRODUITS 
Cumigues pe Sr.-Goparmy, CHauny & Currey. Fr. 
807,216, Jan. 7, 1937; Chem. Abs., 31, 5530 (1937). 

Gas-fired regenerative furnace for melting glass. Pau 
LeonARD Geer. Ger. 643,411, April 7, 1937; Cl. 24c. 9; 
Chem. Abs., 31, 4467 (1937). See Brit. 420,541( Ceram. 
Abs., 14 [3] 69 (1935)). 

Glass. Lennox Hassan. Ger. 636,697, Oct. 13, 1936; 
Cl. 32a. 30; Chem. Abs., 31, 3226 (1937).—Apparatus for. 
hardening glass by heating and cooling by air currents is 
described. 

Glass. Soc. ANON. DES MANUFACTURES DES GLACES 
& Propurts Curmiguss pe St.-Gosarin, CHauny & Crrey. 
Fr. 803,685, Oct. 6, 1936; Chem. Abs., 31, 2766 (1937). 
Means for regulating the temperature of the glass in the 
basins is described. 

Glass annealing furnace. Orro Maerz. Ger. 638,642, 
Nov. 20, 1936; Cl. 32a. 34; Chem. Abs., 31, 3227 (1937). 

Glass annealing leer. Carroiti Cone (Surface Com- 
bustion Corp.). U.S. 2,089,250, Aug. 10, 1937 (Jan. 28, 
1935). 

Glassblowing. GLASWERKE RuuR A.-G. Ger. 637,861, 
Nov. 5, 1936; Cl. 37@. 7; Chem. Abs., 31, 5529 (1937). 
The mold is made of ingot steel poor in C, i.e., containing 
1 to 2% C. 

Glassblowing pipe. EpeLMANN. Ger. 638,- 
666, Nov. 20, 1936; Cl. 32a. 7; Chem. Abs., 31, 3227 
(1937). 

Glass composition for electric gaseous discharge de- 
vices. HERMANN Krerrr. U. S. 2,087,762, July 20, 1937 
(July 31, 1934; June 15, 1935). A glass has a composition 
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of the order of 60% silica and more than 20% alumina, 
together with boric oxide, magnesium oxide, and calcium 
oxide, the glass being free of alkali metal oxides. 

Glass factory and improved furnace. Aucust FRED- 
ERICK. U.S. 2,090,444, Aug. 17, 1937 (Oct. 22, 1934). In 
a glass factory, a basement floor provided adjacent one 
end thereof with a circular canal and a plurality of mixing 
containers disposed on the floor in a circular series cir- 
cumjacent the canal, a glassmelting furnace supported 
above the floor at the last-named end thereof for receiving 
the contents of the mixing containers, the furnace being 
provided with a plurality of glassmelting sections defined 
by a plurality of radially disposed, internal, spaced walls, 
tempering leers mounted above the basement floor at the 
end thereof remote from the mixing containers, down drafts 
extending downwardly from the spaces between opposed 
afore-mentioned melting section-defining walls to the cir- 
cular canal for conducting heat from the furnace to the 
circular canal, additional canals connecting the circular 
canal with the leers for conducting heat to the !eers, the 
additional canals including a transverse canal, vertical 
smoke stacks connected with the transverse canal at the 
respective opposite ends of the latter, and valves ar- 
ranged within the transverse canal inwardly from the ends 
of the latter. 

Glass-feeding means. T. 
Glass Bottle Manufacturers, Ltd.). 
13, 1937 (Jan. 30, 1936). G.M.H. 

Glass-grinding apparatus. F. B. WaLprRon (Pilkington 
Bros., Ltd.). U.S. 2,088,392, July 27, 1937 (Feb. 8, 1935; 
April 15, 1937). U. S. 2,088,393, July 27, 1937 (Feb. 8, 
1935). 

Glass-grinding tools. PiLkincTron Bros., Ltp. 
467,835 and 467,836, July 7, 1937(Feb. 2, 1935). 

Glassmaking apparatus. Soc. ANON. DES VERRERIES 
pE CarMAux. Fr. 802,268, Sept. 1, 1936; Chem. Abs., 
31, 1569 (1937). 

Glass for mercury-vapor lamps. PATENT TREUHAND- 
Ges. FUR ELEKTRISCHE GLUSLAMPEN M.B.H. (Walter 
Hanlein and Hermann Krefft, inventors). Ger. 637,269, 
Oct. 24, 1936; Cl. 21f, 82.01; Chem. Abs., 31, 4073 (1937). 
Addition to 608,676. The glass contains 25 to 40 SiO,, 10 
to 20 BOs, 25 to 35 Al,O;, and 20 to 40% alkaline earth 
oxide, the sum of the SiO, and B,O; contents not exceeding 
50%. The glass is suitable for lamps in which the vapor- 
izing Hg body contains 5 to 12% Cs. 

Glass molding machines. Unirep Gtass BOorrTLe 
MANUFACTURERS, Lip. Fr. 801,549, Aug. 6, 1936; 
Chem. Abs., 31, 517 (1937). The feeding mechanism is 
described. 

Glass~ resisting metal vapors. Epwin BERGER AND 
WoLrcaNnc Harries (Jenaer Glaswerk Schott & Gen.). 
U. S. 2,090,098, Aug. 17, 1937(April 7, 1933). A glass 
resisting metal vapors contains 10 to 40% boric oxide, 10 
to 35% alumina, not more than 5% taken together of 
tetravalent oxides, antimony oxide, arsenic oxide, lead 
oxide, and alkali oxides, and between 25 and 80% bivalent 
oxides, zinc oxide being. not more than 5%, the amount 
of bivalent oxides present being such that the sum of 
1'/, times the percentage of bivalent oxides plus the per- 
centage of alumina equals at least 45. 

Glass-smelting furnace. Joser WATZULA 


C. Moorsueap (United 
Can. 367,364, July 


Brit 


Ger. 639,- 
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573, Dec. 8, 1936; Cl. 32a.1; Chem. Abs., 31,4073 (1937). 
Glass strengthening method. C. J. Pumps (Corning 

Glass Works). Can. 367,460, July 20, 1937 (Dec. 20, 

1935). G.M.H. 

Glassworking apparatus. W. W. Triccs (Libbey Glass 
Mfg. Co.). Brit. 469,178, Aug. 5, 1937 (Jan. 14, 1936). 

Hardening glassware in liquid baths. HerRzOGENRATHER 
GLASWERKE Bicnerovux & Cie. G.m.p.H. Ger. 640,176, 
Dec. 23, 1936; Cl. 32a. 30; Chem. Abs., 31, 2378 (1937). 
Manipulative features are described. 

Heat treating glass. HERZOGENRATHER GLASWERKE 
Bicneroux & Cre. G.m.s.H. Ger. 629,151, April 9, 
1936 (June 22, 1935); H 144,087, VI/32a, Gp. 30; Jour. 
Soc. Glass Tech., 21 [83] 51A (1937). Addition to Ger. 
628,570 (Ceram. Abs., 16 [7] 204 (1937)). In the process 
described in the parent specification the separation of the 
jets from the glass sheet is slowly increased during the 
operation and, for the supply of cooling medium, gradu- 
ally reduced. 

Heat treating glass sheets. Soc. ANON. DES MANu- 
FACTURES Des Graces & Propurits CHIMIgues Sr.- 
Goraln, Cuauny & Cirey. Fr. 801,216, July 30, 1936; 
Chem. Abs., 31, 517 (1937). Supporting means are de- 


scribed. 
Low-expansion glass. Harxison P. Hoop (Corning 
Glass Works). Can. 363,020, Dec. 29, 1936; Chem. Abs., 


31, 1570 (1937).—A glass consists approximately of SiO, 
81.0, B,O; 16.5, Na,O 1.3, LixO 0.3, Al,O; 0.9, and ana 
lytically determined F 0.06%. 

Luminous discharge lamp. H. P. Hoop (Corning Glass 
Works). Can. 367,462, July 20, 1937 (May 29, 1936; 
in U. S., Jan. 8, 1936). G.M.H. 

Machine for making hollow bodies from glass tubes. 
Jakos Dicnter. Ger. 635,733, Sept. 23, 1936; Cl. 32a 
27; Chem. A»s., 31, 827 (1937). 

Machine for the manufacture of glass bottles, etc. 
F. W. Armytac.. Brit. 468,950, July 28, 1937 (Nov. 15, 
1935). 

Machine for printing on bottles. J. H. Frmpen (Ani- 
graphic Process, Inc.). U. S. 2,088,196, July 27, 1937 
(Feb. 20, 1935). 

Making narrow separating parts of glassware noticeable 
by coloring. Fe.rx Mever. Ger. 635,545, Sept. 18, 1936; 
Cl. 32a. 27; Chem. Abs., 31, 827 (1937). 

Manufacture of glass vessels from tubing. Jaxkos 
Dicuter. U. S. 2,087,947, July 27, 1937 (Nov. 7, 1933). 

Manufacture of safety glass. W. W. Groves (Chem- 
ische Forschungsges.). Brit. 467,700, July 7, 1937(June 11, 
1936). 

Mechanism for severing molten glass. F. L. O. Waps- 
wortH (Ball Brothers Co.). U. S. 2,090,082, Aug. 17, 
1937 (March 21, 1934; Jume 24, 1935; renewed Jan. 8, 
1937). 

Method and apparatus for perforating glass bodies. 
British THomson-Hovuston Co., Brit. 468,941, 
July 28, 1937 (March 18, 1936). 

Method of making bubble-free glass. A. E. Bapcrr 
(Corning Glass Works). Can. 367,188, July 6, 1937 
(March 23, 1936). The batch is fused in the presence of 
helium, which replaces intersticial air, and is kept at a 
high temperature in an atmosphere of hydrogen until the 
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helium has diffused from the bubbles. See Ceram. Abs., 15 
[7] 205 (1936). G.M.H. 

Method of making glass tubes with laminated walls. 
GLaswERK Gust. Fiscner (Hellmuth Fischer, inventor). 
Ger. 642,488, March 23, 1937; Cl. 32a. 24.02; Chem. 
Abs., 31, 4467 (1937). 

Method and means for forming glassware. A. J. Smrrn 
(Hartford-Empire Co.). U. S. 2,089,008, Aug. 3, 1937 
(Jan. 7, 1936). 

Method of producing laminated glass. Apo_tr 
Can. 367,264, July 6, 1937 (Oct. 3, 1935). G.M.H 

Mirror. Hiram W. Epwarps (Don Baxter, Inc.). Can. 
362,808, Dec. 22, 1936; Chem. Abs., 31, 1570 (1937). 
An alloy of about 5% Mg and 95% Al is applied to the 
mirror body, such as glass, by vaporization and con- 
densation in a vacuum chamber 

Molds for blowing glass objects. Verrerirs-Go- 
BELETERIES L’Esp&rRaNnce (Soc. Anon.) (Désiré J. Ami- 
able, inventor). Fr. 802,890 and 802,891, Sept. 17, 1936; 
Chem. Abs., 31, 1973 (1937). 

Molten glass feeding method. T. F. Pearson (Crown 
Cork & Seal Co., Inc.). Can. 367,152, July 6, 1997 
(April 17, 1933). G.M.H 

Multipart glass article. W.P. ZimmMeRMAN AND M. K 
Hoimes (Owens-Illinois Glass Co.). Can. 367,475, July 
20, 1937 (Jan. 29, 1936). G.M.H 

Nonshatterable glass. WaLteR PeocLer (Joseph L 
Pegler). Can. 361,603, Nov. 3, 1936; Chem. Abs., 31, 
1571 (1937). Gelatin is soaked in water and liquefied 
by heat, as plasticizer glycerol is added, a film of the 
mixture is applied to the surface of a sheet of glass, the film 
dried by evaporation, the glass immersed in an acid solvent 
to render the film surface adhesive, a second sheet of glass 
pressed upon the film, and the laminated glass is removed 
from the solvent and subjected to heat and pressure 

Nonsplintering glass. Cuem. 


(Willy O. Herrmann and Erich Baum, inventors). Ger. 
634,371, Aug. 25, 1936; Cl 30a. 17.50; Chem 
Abs., 31, 231 (1937). See U. S. 2,033,377(Ceram. Abs., 


15 [5] 149 (1936)). 

Nonsplintering glass. I. G. FARBENIND. A.-G. (Ger- 
hard Balle and Karl Daimler, inventors). Ger. 638,393, 
Nov. 14, 1936; Cl. 39). 27; Chem. Abs., 31, 1174 (1937) 
As adhesives for use in making nonsplintering glass, use is 
made of the reaction products of maleic anhydride (I) 
(or a dicarboxylic acid which yields maleic anhydride) 
and compounds of the formula RCHOHXR’, where R is 
H or an alkyl group, R’ is H or an alkyl group, which may 
contain a COOH or esterified COOH group, and X is - 
CH,CHOH-, —CH( Alkyl) CHOH—, or —CH,CH:CH—. 
Examples are given of the use of products prepared from 
I and (a) castor oil and (6) butylene glycol. 

Objects made of tempered glass. Soc. ANON. pDEs 
MANUFACTURES DES GLaces & Propurts CHIMIQUES DE 
St.-Goparn, CHauny & Crrey. Fr. 803,955, Oct. 13, 
1936; Chem. Abs., 31, 2767 (1937). Various glass objects 


are made from separate tempered sheets joined together. 
The places where the joints are to take place may be met- 
allized and the joints made by soldering. 

Opacifying glassware. ALLGEMEINE GLUHLAMPEN- 
FABRIKS A.-G. Austrian 148,600, Feb. 
Chem. Abs., 31, 3657 (1937). 


10, 1937; CL. 


32¢: The internal surfaces 
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of hollow glassware are opacified by treatment with a 
paste prepared from HF and a powdered amorphous 
organic substance inert to HF, ¢.g., sintered Bakelite. 
Products of practically unchanged mechanical proper- 
ties are obtained. 

Portable furnace for tempering glassware. Orro 
Magtz. Ger. 637,456, Oct. 29, 1936; Cl. 32a. 28; Chem. 


Abs., 31, 827 (1937). 
Process of making laminated safety glass. B. J. Den- 
n1son (Pittsburgh Plate Glass Co.). U.S. 2,088,776, Aug. 


3, 1937 (March 17, 1936). 

Process for undercutting laminated safety glass. J. H. 
Borcey (Libbey-Owens-Ford Glass Co.). U.S. 2,089,991, 
Aug. 17, 1937(March 20, 1935). 

Production of serpentine-shaped glass tube. Patent 
TREUHAND-Ges. FUR Evex. GLUHLAMPEN.M.B.H. Ger. 
630,405, May 7, 1936 (June 21, 1935); P 71,438, VI/32a, 
Gp. 27; Jour. Soc. Glass Tech., 21 [83] 46A (1937). A 
tube of the necessary diameter and wall thickness is pro- 
duced by drawing in the usual way between a pipe and a 
punty, and one end is then attached to a winding spindle 
that is rotated while the tube is fed to it, air being supplied 
to the interior as required to maintain the bore. 

Protecting glass surfaces. CoMPAGNIE DES LAMPES. 
Fr. 805,697, Nov. 26, 1936; Chem. Abs., 31, 4468 (1937). 
Glass surfaces such as those of discharge tubes are pro- 
tected by the application and evaporation of a layer of a 
dilute solution of HF and appropriate glass powder; this 
powder is applied before or after the acid or as a suspension 
in the acid. 

Resist for use in the etching of glass. FLORYAN POoLASIK 
(Casimir S. Wiczas). U.S. 2,089,571, Aug. 10, 1937(Jan. 
11, 1937). A composition for use as a resist in the etching 
of glass, etc., is in the form of a pasty mass capable, when 
diluted and spread upon a glass surface, of drying to a 
dense, nontacky, adherent film and consists of the follow- 
ing ingredients in substantially the proportions indicated 
as parts by weight: rosin 2, beeswax 6 to 7, paraffin wax 
7 to 8, asphalt 10, pigment 16, varnish 3, turpentine 3, fat 
0.5, and a drier in an effective amount. 


Rolled glass plates. FERDINAND KINON. Ger. 639,- 
736, Dec. 11, 1936; Cl. 32a. 22; Chem. Abs., 31, 4073 
(1937). 

Rolling plate glass. Forces & AreLiers pe Con- 


STRUCTIONS ELectrigues DE JEumMoNT. Ger. 630,663, 
June 3, 1936; Cl. 32a. 34; Chem. Abs., 31, 239 (1937). 

Safety glass. CHemiscHe ForscHUNGSGES. M.B.H. Fr. 
807,287, Jan. 8, 1937; Chem. Abs., 31, 5530 (1937). The 
binders are applied to the glass sheets without the use of 
any volatile solvent and are rendered plastic by means of 
appropriate emollients, or, if a volatile solvent is used, 
it is removed before the binder is applied. Thus, polyvinyl 
acetate 70 is mixed and heated with dibutyl ester of 
phthalic acid and whén freed from bubbles is pressed at 
about 120° between the two sheets of glass in the usual 
press. 

Safety glass. Sunex SAKERHETSGLAS AKTIEBOLAG (J. 
Dahle, inventor). Swed. 86,829, July 14, 1936; Chem. 
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Abs., 31, 1571 (1937). A safety glass consists of two or 
more sheets of glass and one or more interlayers, each 
interlayer consisting of at least 3 layers of plastic material, 
those nearer the glass being of a softer plastic material 
than the other or others. The layers of the softer plastic 
have a thickness up to 6 to 10% of that of the glass, and 
the thickness of the harder layers is at least equal to that 
of the softer layers. Conveniently, the softer layers con- 
sist of artificial resin and the harder layers of a cellulose 
derivative. The glass sheets may have a thickness of as 
little as 1 mm. 

Safety glass. Jonn Wison (Triplex Safety Glass Co., 
Ltd.). Can. 362,310, Dec. 1, 1936; Chem. Abs., 31, 1570 
(1937). The glass sheets are coated with a solution of 
gelatin, the gelatin is dried in an atmosphere of relative 
humidity 33%, there is applied a 5% solution in 75 to 
90% aqueous acetone of a secondary cellulose acetate 
prepared by boiling for about 2 hr. in secondary 
cellulose acetate having an acetyl value of 35.5 to 39% 
with a mixture of HCl and H;PO,N/10 to N/12), the 
coating is dried at about 30° in an atmosphere of relative 
humidity 33%, the sheets of glass are assembled with a 
sheet of cellulose acetate plastic in a liquid bath main- 
tained at about 45°, the assembly is subjected to pressure 
in a squeegee, and the union is completed by pressure in an 
autoclave. 

Safety glass for automobiles. Cuemiscue Forscu- 
UNGSGES. M.B.H. (Erich Baum and Willy O. Herrmann, 
inventors). Ger. 638,709, Nov. 21, 1936; Cl. 39a. 
17.50; Chem. Abs., 31, 3228 (1937). Glass sheets of less 
than 1 mm. strength and an intermediate layer of greater 
strength are used. Thus, two glass sheets of 0.15 mm. 
strength are stuck outside a celluloid sheet of 0.6 mm. 
strength by polyvinyl acetate, by hot pressing. 

Silica for glass manufacture. E. N. Hatton Fy as. 
Can. 362,327, Dec. 1, 1936; Chem. Abs., 31, 1569 (1937). 
Grains of SiO, and foreign material cemented together are 
introduced into a rotary drum, sufficient water is added 
to produce a paste-like mass, breakers are introduced, and 
the drum is rotated to bring the breakers into intimate 
contact with all parts of the mass to break down the ma- 
terial into individual grains and comminuted foreign 
mateial; the latter acts to scour the grains to remove 
other adhering particles of the foreign material. 

Silica for manufacture of ultra-violet transmitting glass. 
WERNER DUSING AND JOHANN Ensz (Canadian General 
Electric Co., Ltd.). Can. 362,558, Dec. 15, 1936; Chem. 
Abs., 31, 1569 (1937). Silicic acid is precipitated from 
technical water-glass by acids, and the precipitate is 
washed with dilute H,SO, mixed with H,O, until the 
titanic acid and Fe oxide contents are less than 0.005%. 

Tempered glass. Soc. ANON. DES MANUFACTURES DES 
Graces & Propurts Curmigues De St.-Gopain, CHAUNY 
& Crrey. Brit. 468,944, July 28, 1937 (April 6, 1936). 

Tunnel furnaces for slow cooling of glass objects. 
Maurice H. V. Detot anp G. A. Devacrorx. Fr. 
805,646 and 805,647, Nov. 25, 1936; Chem. Abs., 31, 
4467 (1937). 


New brickworks. Hunziker, Lrp. Chemist, 12 
[141] 456 (1936).—In sand-lime brick made by the Hun- 
ziker process a carefully selected crushed flint is used 
producing a brick of exceptionally dense structure, high 
mechanical strength, low porosity, and devoid of moisture 
movement. H.E.S. 
Tested brick for road paving. A. E. Burzzarp. Trans. 
Ceram. Soc., 36 [3] 98-109 (1937); see Ceram. Abs., 16 
[3] 90 (1937). R.H.H.P.,Jr. 


STANDARD AND BULLETIN 

Dimensions of Drain-Fittings. British Standard Speci- 
fication No. 539-1937. Brirish STANDARDs INsrt., Lon- 
don. Price 2s. The chief dimensions of the important parts 
of straight and tapered pipes, junctions, channel bends, 
insets, interceptors, traps, gullies, hoppers, raising pieces, 
and rain-water shoes to enable them to conform to the 
British Standard Specification are stated and illustrated. 
The materials of which these articles are made are salt- 
glazed ware, salt-glazed glass, and enameled fire clay. 

Houses. Joan Woo.itcomss. Clay Products Tech- 
nical Bureau of Great Britain. 20 pp. First comsidera- 
tions are finance, the architect, site and placing on site for 
sunshine, and subsoil. Brick and tile are strongly recom- 
mended for walls and roof. Reinforced brickwork im- 
mediately below the roof is suggested as protection against 
the new light and terrifying incendiary bomb. Brick 
bonds and different types of tile shapes are illustrated 
Diagrams indicate the proper location for damp-proof 
courses in the masonry. Recommendations for mortar 
and many construction details are given. 

F.T.HeATH, JR. 
PATENTS 


Apparatus for batching and mixing cellular clay products. 


Alunite for production of alumina. G. V. LaBurin AND 
S. G. Korryprn. Legkie Metally, 5 [10] 41-47 (1936); 
Chem. Abs., 31, 3641 (1937).—-Alunite, crushed to —60 
mesh and calcined at 550°, was treated with a 5% NH,OH 
solution to dissolve the sulfate. The Al,O; was recovered 
by digesting with NaOH solution at 95 to 100°. About 
85% of the Al,O; was recovered, with an Al,O,:SiO, 
ratio of 200. 

Carbon, a refractory and antiacid material. René 
Marre. Céramique, 40 [591] 93-98 (1937).—M. reviews 
the properties of carbon in various allotropic states, such 
as diamond, graphite, and amorphous carbon. The 
physical properties, heat, fusion, volatilization, density, 
hardness, specific heat, thermal conductivity, and absorp- 
tion capacity are examined. With regard to chemical 
properties, the effect of oxygen, oxidizing mixtures, effect 
of oxides and silicates, and attack by acids and organic 
solvents are dealt with. The properties of agglomerates 
of amorphous carbon, their industrial uses, especially in 
electrochemistry, electrometallurgy, and siderurgy, and 
their application as antiacid material for lining various 
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J. B. Rirrcers anp C. S. Marneny (National Fireproofing 
Corp.). U. S. 2,090,503, Aug. 17, 1937(Aug. 26, 1932). 
A batching and mixing machine comprises a mixing 
chamber, a plurality of graduated materials containers 
above the chamber, a liquid measuring device connected 
to the chamber, a rotary disk disposed between the mixing 
chamber and materials containers having graduated open- 
ings adapted to register with the openings of the containers, 
valve means for the liquid measuring device, means op- 
erative in response to rovation of the disk for opening the 
valve, means to cause the fluid to flow to the chamber, and 
means for rotating the disk to successively align its open- 
ings with the several materials containers and to actuate 
the liquid measuring valve. 

Brick grab. E. R. Hersney (Lancaster Iron Works) 
U. S. 2,088,519, July 27, 1937 (Nov. 18, 1936). 

Brick tie. J.J. Frrz Geravp. U. S. 2,089,253, Aug. 10, 
1937 (Jan. 11, 1937). 

Brick wall construction. C.C.Cain. U 
July 27, 1937 (Feb. 20, 1936). 

Building brick. D.A.Watiace. U.S. 2,088,625, Aug. 
3, 1937(Dec. 13, 1935). In combination, a reinforced 
channel member, a plurality of brick, and means for re- 
taining the brick in the channel member whereby the 
plurality of brick may be handled as a unit, the channel 
members having laterally extending flanges adapted to 
be engaged by securing elements for attaching the channel 
members to a supporting structure, the flanges also con- 
stituting means for spacing apart superposed channels 
a uniform distance to provide mortar spaces therebetween. 

Building tile. L. M.Curistre anp C. H. Bett (Na- 
tional Fireproofing Corp.). U. S. 2,090,285, Aug. 17, 
1937 (March 23, 1935). 

Instrument for cutting brick. D. J. Correry. U. S. 
2,096,471, Aug. 17, 1927 (Feb. 10, 1937). 


S. 2,087,883, 


apparatus, and Raschig rings are discussed. From the re- 
fractory point of view, carbon agglomerates can be used 
up to 2500°C (in reducing atmosphere); they have an 
excellent resistance to sudden temperature changes and 
to attacks of basic or acid slag. Their use as antiacid ma- 
terial because of their resistance to a number of chemical 
agents is relatively recent. M.V.C. 
Chemical compositions and properties of refractories. 
L. Losana, C. Gorta, AND G. Rossicnour. Chimica & In- 
dustria, 19 [2] 57-64 (1937).—The relation between chemi- 
cal composition of a refractory material and its properties 
was investigated. Refractories with an essentially alu- 
mina base do not give consistent test results with regard 
to melting point if tested with the Seger cone. Materials 
poor in silica give correct data on temperatures of defor- 
mation. Thermal expansion diminishes in materials 
with 20 to 40% Al,O, and in some with up to 60% AlyOs. 
Permeability to gas at high temperatures is much stronger 
in brick with higher contents of alumina; the absolute 
value depends on air, H, and CO,, but this can usually 
be neglected. The corrosion resistance to basic slags and 


1937 303 


304 


mixtures of borax and sodium carbonate increases rapidly 
for an Al,O; content over 50%. Apparatus are described 
to test fusion and softening points under load. M.H. 

Chrome-alumina brick: I. T. R. Lynam anv W. J. 
Rees. Bull. Brit. Refrac. Research Assn., No. 29 (March, 
1933); reprinted in Trans. Ceram. Soc., 36 |3) 110-32 
(1937).—The effect of the addition of alumina or calcined 
Indian bauxite to a chrome brick batch is described. 
Higher mechanical strength, indicated by refractoriness- 
under-load and high-temperature tensile tests, is obtained 
with increasing bauxite content. A more viscous bond 
results, and coarse grading of the bauxite is found to re- 
duce the amount of melt formed as a result of chemical 
reaction. Additions of more than 50% bauxite lower 
the resistance to slag attack. Additions of bauxite to 
chromite decrease the thermal expansion and the spalling 
tendency. Microscopic examination of the trials shows 
the growth of needle-like crystals of corundum with the 
Cr,O; replacing the Al,O;. Il. Bull. Brit. Refrac. Research 
Assn., No. 33 (March, 1934); reprinted in Trans. Ceram. 
Soc., 36 [3] 133-36 (1937).—Service trials of a series of 
brick molded from high-grade Turkish chrome ore and 
Demerara bauxite show that conditions in the basic open- 
hearth furnace are too severe for chrome-bauxite brick. 
The viscosity of the bond is not great enough to mask the 
low ‘‘start to fail” point, 1430°C for the laboratory trials 
and 1370°C for the manufactured brick as indicated by 
refractoriness-under-load tests. Test brick built into the 
wall of a tin-smelting furnace are reported to give good 
service. R.H.H.P., Jr. 

Decomposition of mullite. Viapmar Sxora. Keram. 
Rundschau, 45 [17] 188-90; [18] 200-202; [19] 212-13, 
215 (1937); see Ceram. Abs., 15 [11] 335 (1936); 16 [3] 
86 (1937). F.E.V. 

Development of American power plants. A. G. Curis- 
Tre. Mech. Eng., 58 [9] 539-61 (1936).—The trend in 
refractory practice in power plants is briefly discussed. 

F.G.H. 

Discussion of recent developments in refractories. C. 
E. Moore. Metal Ind. [London], 48, 36-37 (Jan. 10, 
1936); Metals & Alloys, 7 [10] MA496 (1936); for ab- 
stract see Ceram. Abs., 1% [5] 154 (1936). 

Emissivities of refractory materials. R. H. HemMan. 
Mech. Eng. 58 [5] 291-92 (1936).—The calibration and 
operation of equipment for the determination of the emis- 
sivities of various refractory materials are described. 
Numerous tests indicate conclusively that color has a 
marked influence on the emissivity of surfaces at tempera- 
tures above 500°F. Chemical composition also has 
considerable influence on the emissivity. Emissivity de- 
creased with an increase in temperature for all the colors 
of refractory materials investigated with the exception of 
black. White and light buff refractories showed rapidly 
decreasing emissivity with temperature increase. Illus- 
trated. F.G.H. 

Experiment on a furnace roof arch. C. WoLSsTEN- 
crort. Heat Treating & Forging, 22 [5] 254, 257 (1936).— 
An arch 13 ft. 6 in. between piers and 18 in. wide was cast 
of refractory concrete. Two 1'/s in. round bars, bent 
“‘U" shape, were cast into the concrete to serve as lifting 
eyes, but expansion has caused trouble, and their elimina- 
tion is recommended. Old firebrick aggregate not over 


Ceramic Abstracts 


Vol. 16, No. 10 


1'/, in. and screened fines were used, the proportions being 
1 Lumnite, 2'/; coarse, 1 fines, by volume, with sufficient 
water to give a soft plastic mix. This arch has been in 
service for a year and is still in good condition. A fire- 
brick arch would have been replaced twice in this time. 
S.S. 

Manufacture of fired clay grog. ANoN. Brit. Clay- 
worker, 46 [543] 109-10 (1937).—The utilization of the 
Herreshoff multiple-shelf furnace for preparing grog suc- 
cessfully and cheaply is described. The temperature of 
firing was 800°C, the capacity 50 tons of clay per 24 hr., 
and the size 16 ft. 6 in. in diameter, with 7 hearths. The 
fuel used was 5 to 6% of the fired weight of the grog. 

R.A.H. 

Method for preparation of alumina: II, Preparation of 
alumina from basic aluminum acetate. SnHoner Uno. 
Waseda Applied Chem. Soc. Bull., No. 27, pp. 12-17 (Ab- 
stracts (in English) 2) (1936); Chem. Abs., 31, 2755 (1937). 
—Filtration and washing of Al(OH)(AcO), precipitate, 
prepared by heating a solution containing Al.(SO,):(0.3 to 
0.4 mol.) and ACONH, at the ratio of 1:6 or 7 and ACONH, 
and AcOH at the ratio of 1:0.5at 100° for 1 hr., is easy, 
and the recovery of Al reaches 95%. Addition of more 
AcONH, than this ratio causes the formation of a diffi- 
cultly filterable precipitate, while addition of less than 
this ratio causes a decrease in the amount of precipitate. 
The Al(OH)(AcO), precipitate turns black on heating 
to 250°, but heating at 300 to 450° by blowing steam in 
expels AcOH completely and gives AKOH)O. Al(OH)- 
(AcO); dried at 100°, after treatment with 0.5 to 1.0% 
aqueous NH,OH at room temperature, gives powdered 
Al(OH);; using stronger aqueous NH,OH gives quicker 
results but the product has a tendency to become gelati- 
nous. 

Mixtures of chromite and Grecian magnesite: I. T. 
R. Lynam AND W. J. Rees. Bull. Brit. Refrac. Research 
Assn., No. 29 (March, 1933); reprinted in Trans. Ceram. 
Soc., 36 [3] 137-51 (1937).—A series of mixes of chrome 
ore and calcined Grecian magnesite was made, and it was 
found that mechanical strength at high temperatures in- 
creases with magnesite content and that a 1:1 batch has 
a fail point equal to that of calcined magnesite. The high 
thermal expansion of magnesiie can be decreased by ad- 
ditions of chromite. Friability resulting from the use 
of coarse-grained calcined Grecian magnesite can be de- 
creased by finer grinding and by the use of dead-burned 
Austrian magnesite or by the introduction of 2.5% feld- 
spar as a flux. All the mixtures tested were highly resist- 
ant to the action of basic slags. II. Bull. Brit. Refrac. 
Research Assn., No. 33 (March, 1934); reprinted in Trans. 
Ceram. Soc., 36 [3] 152-72 (1937).—The results of ser- 
vice trials in the basic open-hearth furnace and the 
Héroult electric furnace of test brick manufactured from 
coarse-grained, 30-mesh, and 50-mesh calcined Grecian 
and Austrian magnesite and Rhodesian chrome ore are 
reported. The addition of magnesite to a chrome brick 
fired at high temperatures to promote necessary conver- 
sion improves its durability and mechanical strength at 
elevated temperatures. The addition of 10% talc con- 
centrate to a 3:1 chrome-magnesite mix subsequently 
fired at 1560°C produces a brick of high strength with a 
uniform distribution of forsterite. Nonuniform distri- 
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bution of the crystalline bond leads to increased friability. 
R.H.H.P.,Jr. 
Refractories for electric furnaces. H. Kircuraru. 
Chem.-Zig., 61, 293-96 (1937); Chem. Abs., 31, 4903 
(1937).—Refractory specifications include high melting 
point, mechanical strength, resistance to abrupt tempera- 
ture changes, chemical inertness, no shrinkage at high 
temperature, low heat, and low electrical conductivity. 
The chemical compositions of grog, silica, magnetite, chro- 
mite, C, Si carbide, and zirconite are tabulated together 
with their resistance to basic materials (slags), acids 
(SiO,, HF), reduction and oxidation, and molten metals. 
Heat-insulating materials, such as infusorial earth, and 
metallic and nonmetallic resistors are discussed. 
Refractory materials. J. H. Partripce. Jour. & 
Record Trans. Junior Inst. Engrs., 46, 307-26 (April, 
1936); Metals & Alloys, 8 [1] MA18 (1937); see Ceram. 
Abs., 15 [5] 151 (1936). 
Sillimanite, its varieties and existence in France. V. 
CHarRRIN. Céram., Verrerie, Email., 4 [8] 313-15 (1936). 
-Sillimanite is an anhydrous monosilicate of aluminum 
and is considered a variety of disthene and andalusite. 
These three minerals are rare and exist principally in 
mica schists or accompanied by staurolite (ferriferous sili- 
cate of alumina). They are ideal for temperatures of 
1800° and their great durability has put them among the 
best of superrefractories. Because of the high cost 
of these refractories and until artificial production is per- 
fected, new natural sources are being sought. Deposits 
in France are listed. M.V.C. 
Suspended walls, arches, and water walls. R. B. 
Purpy. Power, 80 [3] 135-38 (1936).—Twenty-nine 
examples of refractory walls and arches are described and 
illustrated. F.G.H. 
Symposium on refractories testing: I, Work of the 
American Society for Testing Materials on refractories. 
Cc. E. Bares. Bull. Amer. Ceram. Soc., 16 [8] 317-18 
(1937). II, Methods of testing insulating refractories. 
W. C. Ruscxev. Jbid., pp. 319-21. III, Panel spalling 
tests on insulating brick and insulating fire brick. W. 
RAYMOND Kerr. Jbid., pp. 322-28. IV, Practical service 
testing of refractories for alloy steel melting. Epwarp E. 
CALLINAN AND GILBERT SoLer. Jbid., pp. 329-34. V, 
Navy Department method of testing refractory linings for 
Naval boilers. F. M. McGeary. JIbid., pp. 335-39 
Thermal and electrical conductivities of a sample of 
Acheson graphite from 0° to 800°C. R. W. Powe. 
Proc. Phys. Soc. {London}, 49 [4] 419-26 (1937).—De- 
terminations have been made of both the thermal and the 
electrical conductivities of a sample of Acheson graphite 
over the temperature range 0° to 800°C. The thermal con- 
ductivity, KX, is found to decrease from a value of 0.40 unit 
at 0°C to 0.16 at 800°C, the rate of decrease being greater 
at lower temperatures. The electrical conductivity* has, 
at O°C, a value of 1218Q~'/cm.~', which increases to a 
maximum value of 1518 at 450°C and decreases to 1444 at 
800°C. See Ceram. Abs., 15 [11] 341 (1936). L.E.T. 


BULLETIN 


Possibility of production of aluminum in Bombay. M. 
S. Pater. Dept. Ind., Bombay Presidency, Bull., No. 10, 
27 pp. (1936); Chem. Abs., 31, 2142 (1937).—A deposit 
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of high-grade bauxite has recently been discovered on 
Tungar Hill in the Thana district within 30 miles of the 
city of Bombay. The high-grade material contains 
Al,O; 55 to 59, Fe oxide 5 to 11, TiO, 2 to 7, and SiO, 
0.3 to 0.8%; loss on ignition is 28 to 32%. Treatment 
of the bauxite on a laboratory scale by the Bayer process 
yielded alumina containing Al,O, 99.34, NasO 0.25, Fe 
oxide 0.03, and SiO, 0.02%; loss on ignition 0.28% 
Profitable production of Al from this deposit seems to be 
possible. 
PATENTS 

Basic refractory product. Louis Veaux. Fr. 807,527, 
Jan. 14, 1937; Chem. Abs., 31, 5532 (1937). A product 
for lining metallurgical furnaces is composed of a crude 
basic mineral, such as crude dolomite, mixed with a flux 
A binder such as a refractory earth may be added 

Binder for refractory material. Norman P. Prirr anp 
ALAN F. Gii_. Fr. 807,384, Jan. 11, 1937; Chem. Abs., 
31, 5532 (1937). The binder contains an alkali silicate 
with a certain proportion of an alkali phosphate. 

Ceramic products. Macnesrrat G.m.s.H. Fr. 802,518, 
Sept. 7, 1936; Chem. Abs., 31, 1974 (1937). In making 
ceramic products resistant to quick cooling, particularly 
magnesian brick, strongly refractory materials (Cr ore, 
Cr,O;, Mn ore, tale), with the exception of clay, are added 
to the basic material in amount not above 8 to 10%. The 
basic material contauts iarge grains (above 0.8 mm.), 
medium grains (0.1 to 0.8 mm.), and fine grains (below 
0.1 mm.) in the proportion of 5:2:3. The amount of 
large and small grains may be increased or reduced by 
'/; from this proportion. 

Ceramic ware. Diprer-Werke A.-G. Ger. 633,920, 
Aug. 12, 1936; Cl. 80b. 12.01; Chem. Abs., 31, 518 (1937) 
Powdered crude or weakly preheated clay is treated with 
Al compounds such as solutions of aluminates or Al,O, 
salts of organic acids, mixed with water and a binding 
agent, molded to form ware, and fired. 

Furnace port. S. A. Forter(Forter-Teichmann Co.) 
U. S. 2,088,783, Aug. 3, 1937(Dec. 5, 1936). 

Magnesite brick for constructing rotary kilns. Verr- 
SCHER MAGNESITWERKE A.-G. Austrian 149,181, April 
10, 1937; Cl. 80c.; Chem. Abs., 31, 5530 (1937). Con- 
structional features are described. 

Merwinite refractories. H. C. Lege (Non-Metallic 
Minerals, Inc.). U. S. 2,089,970, Aug. 17, 1937( Dec. 29, 
1934). A refractory product comprises a plurality of 
refractory ingredients, a substantial one of which is mer 
winite 

Method of producing aluminium oxide. A. S. BurMAN 
Brit. 469,061, July 28, 1937 (July 29, 1935). 

Porous refractory brick. I. Serrerperc. Swed. 87,709, 
Oct. 20, 1936; Chem. Abs., 31, 1572 (1937). The raw 
material before shaping is treated with water and a sub 
stance which generates a gas in the presence of water; 
before this treatment it is mixed with finely divided SiO, 
and CaO, which on subsequent drying form a binding 
agent for the raw material. 

Production of magnesite brick. Macnesit-INpusTRI: 
Axt.-Ges. Brit. 468,456, July 21, 1937 (Jan. 10, 1935). 

Production of refractory shaped bodies or refractory 
linings. A. Sprencer. Brit. 468,765, July 21, 1987 
(Dec. 18, 1935). 
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Refractories. Minsrats, Inc. Fr 
804,367, Oct. 22, 1986; Chem. Abs., 31, 3658 (1937). 
MgO, CaO, and SiO, are heated so as to produce periclase 
and a durable Ca orthosilicate. The SiO, is in a finely 
divided or hydrated state. Impure MgO, with or without 
dolomite, may be used, and the heated material may con- 
tain small amounts of oxides of B, P, or Cr. 

Refractory body. Kart (General 
Motors Corp.). Can. 362,445, Dec. 8, 1936; Chem. Abs., 
31, 1572 (1937). Ceramic bodies, ¢.g., insulators for 
spark plugs, are prepared by converting highly refractory 
nonplastic material together with Bakelite and a lubri- 
cant, e.g., calcined alumina 88, Bakelite 10, and lubricant 
2%, to a fine powder, the major portion having a grain 
size of 0 to 5 u, agglomerating the material, molding under 
a pressure of 10,000 Ib./sq. in. with insufficient heat to set 
the Bakelite, assembling on a ccnter post, molding under 
heat and a pressure of 25,000 to 100,000 Ib./sq. in. to set 
the Bakelite, removing the center post, and firing at tem- 
peratures to expel the Bakelite and recrystallize the ma- 
terial into a dense, nonporous structure. 

Refractory body comprising chromite, spinel, and mul- 
lite. G. E. Sem. Can. 367,279, July 6, 1937 (Oct. 30, 
1936); see Ceram. Abs., 16 [3] 92 (1937). G.M.H. 

Refractory material. WrHe_m Branpes. Ger. 633,718, 
Aug. 5, 1936; Cl. 80b.8.13; Chem. Abs., 31, 519 (1937). 
The refractory for smelting Zn consists of clay and beryl, 

Refractory material. Vicror M. Go_pscumipr. Ger. 
632,543, July 10, 1936; Cl. 80d. 8.08; Chem. Abs., 31, 829 
(1937). Addition to 631,010 (Ceram. Abs., 16 [7] 210 
(1937)). The process of Ger. 631,010 is modified in that 
the proportion of MgO or like Mg compound is increased 
sufficiently to react with the compounds of Ai, Mn, Cr, 
Ni, and like metals which may be present in the mineral 
starting material. The process may be effected i= an 
alternately oxidizing and reducing atmosphere, but fusion 
of the mixture must be avoided. 

Refractory material W. C. Leonarp. Australian 
22,849/35, Dec. 31, 1936; Chem. Abs., 31, 3658 (1937). 
Refractory material in which may be embedded electrical 
heating wires consists of granulated porcelain, powdered 
kaolin, and a solution of Na silicate. 


Engobes and glazes for fireclay ware. ANon. Keram. 
Rundschau, 45 [3] 25-26 (1937).—The process of manu- 
facture is completely described; 4 or 5 layers of engobes, 
with organic and aniline additions, are applied on dried 
raw ware; after drying, 2 to 3 layers of white or colored 
glazes are applied. Compositions of engobes and glazes 
are given. The opacifier of the glaze is usually 6% tin 
oxide. F.E.V. 
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Refractory material. Non-MeraLiic MINeRALS, INC. 
Fr. 805,091, Nov. 10, 1936; Chem. Abs., 31, 3658 (1937). 
A refractory is made by heating CaO and SiO, in the pro- 
portions of 1 to 1.4 with MgO which represents at least 
12% of the mixture. The proportions are such that mer- 
winite and periclase are obtained. 

Refractory material. VEITSCHER MAGNESITWERKE 
A.-G. Ger. 637,812, Nov. 4, 1936; Cl. 80+. 8.01; Chem. 
Abs., 31, 5531 (1937). A fireproof mass which can be 
molded without previous firing consists of highly heated 
MgO, Cr ore in small amounts compared with the MgO, 
up to 5% of clay, a small amount of water, and an acid 
electrolyte such as NaHSOs. 

product. CLARENCE J. BROCKBANK AND 
Soc. p’ELECTROCHIMIE, p’'ELECTROMETALLURGIE ET DES 
Aciérres Execrrigues p’Ucine. Fr. 800,855, July 21, 
1936; Chem. Abs., 31, 232 (1937). Graphite and (or) 
SiC (with an organic binder if desired) are mixed with 5 
to 10% or more of one or more metals (Fe, Cr, Ni, Mn, V) 
capable of reacting with the SiC to form a metal silicide. 
The metals may be present as such or as alloys or in the 
form of their oxides, in which case a reducing agent such 
as a F compound is added to cause reduction at a low tem- 
perature. The products are fired at about 1100°. 

Refractory product. Soc. ANON. DES MANUFACTURES 
pes Graces & Propuits Curmigues Sr.-GoBAIN, 
Cuauny & Crrey. Fr. 800,779, July 18, 1936; Chem. 
Abs., 31, 232 (1937). A refractory product is obtained 
with zircon (or Zr silicate) and refractory oxides in such 
proportions that, when the mixture is heated to 1500°, all 
the SiO, resulting from the decomposition of the zircon 
combines with the oxides. Thus the mixture may contain 
zircon 20 to 40 and corundum 80 to 60 or MgO 80 to 
60%. 

Silica brick. HERMANN SALMANG AND BENNO WENTZ. 
Ger. 634,363, Aug. 25, 1936; Cl. 80d. 8.06; Chem. Abs., 
31, 1974 (1937). Addition to 555,767 (Ceram. Abs., 12 
[3] 114 (1933)). The method of 555,767 for making the 
brick from quartzite, sulfite lye, Ca(OH):, Na,O, soda 
and Fe,O,, etc., is modified by he: ting the brick in a moist 
atmosphere to 50 to 100° before drying and firing. 


PATENT 


Glazed tile. Fritz Knapp. Austrian 149,381, April 26, 
1937; Cl. 80f; Chem. Abs., 31, 5531 (1937). The firing of 
tile before they are glazed is effected under such conditions 
that only the surface to which the glaze is to be applied 
is completely fired. Glazing is then completed in the usual 
way. Apparatus is described. 


Whiteware 


Characteristics of steatite bodies. L. E.Tuiess. Jour. 
Amer. Ceram. Soc., 20 [9] 311-14 (1937). 

Glaze defects and their correction. Breroer. Keram. 
Rundschau, 45 [7] 70-71; [9] 96-98 (1937).—B. discrimi- 
nates peeling before melting of glaze in the glost oven, 


peeling after melting, and crazing (hairlines). Peeling with 
edges rounded off is usually due to the drying contraction 
of the glaze being less than that of the nonbiscuited body. 
Some clay or kaolin should be added to the glaze. Event- 
ually, the drying contraction of the glaze may be too high, 
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whether the body is biscuited or not. The presence of 
insulating layers due to algae also causes this kind of peel- 
ing. Peeling with sharp edges is rather uncommon and 
is due to the cooling contraction of the body being greater 
than that of the glaze. A reduction of the quartz content 
in the body and of silica in the glaze is the remedy. Craz- 
ing is the opposite defect. An increase of quartz in both 
body and glaze and, for low-fired ware, of lime or magnesite 
will reduce hairlines. F.E.V. 

Improving Poshan porcelain. Kinc-Konc Hv, Srern 
Tsunc Tsreu, AND Pao-Cura Liv. Nat. Shantung Univ., 
Dept. Chem. Lab., Research Repts., No. 5, pp. 22-49 (1936); 
Chem. Abs., 31, 1971 (1937).—Raw materials employed in 
the Poshan district, Shantung Province, China, are suita- 
ble, but scientific development is needed. Small-scale 
experiments are reported. 

Opaque hard porcelain glazes. W.Srecer. Ber. Deut. 
Keram. Ges., 17 [10] 484-95 (1936).—In a hard porcelain 
glaze of the composition 10 potash, 15 alumina, and 75% 
silica, raw beryllium oxide, zirconium dioxide, and yttrium 
oxide act as opacifiers on firing to Seger cone 14 to 15. 
White, enamel-like glazes are obtained by substituting 
these oxides for 5 to 2.5% of the potash. The same per- 
centages of thorium oxide make the glaze too hard to melt; 
cerium oxide makes the glaze blistery or foamy, while 
titanium oxide produces discolored gray glazes. The glaze 
with 2.5%beryllium oxide has the lowest thermal expansion 
up to 600°. E.J.V. 

Utilization of casting scraps. J. W. Bentisy. Trans. 
Ceram. Soc., 36 [3] 75-83 (1937).—The principal troubles 
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caused by the excessive use of casting scraps are thinning 
of the slip and settling of coarse particles; increased 
lawning, pressing, and casting times; and drying cracks 
These faults, which are attributed to the presence of de- 
flocculants and dissolved plaster in the scraps, can be 
corrected by adjusting the deflocculant additions to the 
casting slip so as to counteract the influence of the re- 
covered scrap material present. R.H.H.P.,Jr 


PATENTS 


Ceramic materials. Sincer. Ger. 05,237 
Nov. 7, 1934; Cl. 80). 8.08; Chem. Abs., 29, 1223 (1935). 
See Brit. 282,403 (Ceram. Abs., 7 [5] 304 (1928)). 

Ceramic materials. Fer Sivcer. Ger. 637,916, 
Nov. 6, 1936; Cl. 805. 8.08; Chem. Abs., 31, 3228 (1937). 
Addition to 605,237(see preceding patent). Products hav- 
ing a low coefficient of expansion are made by heating 
steatite or like Mg compound with a compound of Al, as 
described in Ger. 605,237, but the process is’ modified 
in that the maximum heating temperature is maintained 
until the vitreous phase, characteristic of the products of 
Ger. 605,237, has been converted into a crystalline phase. 
A heating period of at least 30 min. is generally necessary. 

Electric discharge vessels made of ceramic material and 
process for their production. J. T. Suevir (Siemens & 
Halske Akt.-Ges.). Brit. 467,720, July 7, 1987 (Nov. 9, 
1936). 

Fog and dust insulator. B. A. Pimptron (Locke In- 
sulator Corp.). U. S. 2,088,433, July 27, 1937 (Aug. 24, 
1933). 


Equipment and Apparatus 


Constant-weight feeder. INTERNATIONAL COMBUSTION, 
Lip. Ind. Chemist, 12 [137] 303 (1936).—A constant- 
weight feeder consists of a traveling belt on a pivoted frame 
suspended below the feed hopper so that any variation in 
the weight on the belt will tilt the frame, which in turn 
moves the feed gate through appropriate linkage. When 
the weight on the belt increases, the frame tilts down and 
the feed gate is lowered. When the weight decreases the 
belt and frame rise and the gate is opened wider, increasing 
the quantity of material on the belt. A constant weight is 
thus maintained. Feeding by constant volume is said to 
lead to variations of between 10 and 40% when the mate- 
rial to be fed is nonuniform in character; hence, consider- 
able interest is being shown in constant-weight feeders. 
The above machine takes less than '/, h.p. to feed at 
rates up to 100 tons/hr. Illustrated. H.E.S. 

Cutting fluids applied to the turning of Monel metal. 
O. W. Boston anp W. W. Grpert. Trans. Amer. Soc. 
Mech. Engrs., 58 [8] 685-89 (1936).—In cutting Monel 
metal, high-speed steel tools fail by cupping on the face 
and abrasion on the flank below the cutting edge. A tool 
with '/, in. nose radius and 15° side rake angle proved 
superior in dry turning to one with */« in. nose radius and 
22° side rake angle, for all values of tool life less than 120 
min. For shallow thick cuts of 0.050 in. at a feed of 
0.0255 in., the second tool is superior for a tool life of more 
than 120 min. A deep thin chip of a given area allowed 
a higher cutting speed for a given tool life for both tool 
shapes. In most cases, an emulsion of 1 part of soluble 


oil to 15 parts of water produced slightly longer tool life 
than a 1 to 50 emulsion. An emulsion seems preferable 
to the sulfurized mineral oil. The type of fluid used did 
not seem to affect the machined finish. The cutting forces 
are highest when dry, intermediate with an emulsion, and 
lowest with a sulfurized mineral oil. When dry, the tan- 
gential force is from 46 to 62% higher than when dry 
cutting S.A.E. 3135 annealed steel. S.S. 

Determination of plasticity of clay. B. G. ZaPpRomETOV 
AND A. SHamsiev. Byull. Sredne-Asiat. Gosudarst. Univ., 
No. 19, pp. 29-32 (1934); Chem. Abs., 31, 4855 (1937). 
Apparatus is described. 

Efficient lubrication of cement mill machinery. M. J 
Hetmes. Concrete [Cement Mill Ed.], 43 [8] 35-36 
(1935). W.D.F. 

Illumination device for microscopes. Cari ZEISS 
Jour. Sci. Instruments, 14 [5] 181-82 (1937).—This pan- 
cratic condenser contains in a single tube all that is required 
for correct illumination of both bright and dark fields at 
varying magnifications. It contains a small 4-watt bulb 
and a condenser of 1.4 maximum aperture. A single 
adjustment adapts it to objectives of 0.16 to 1.40 numeri 
cal aperture in bright field. For dark-field work, a cen- 
tral stop is inserted and immersion oil is placed on the 
top lens of the condenser. This allows the device to be 
used in dark field with an objective of 0.65 numerical 
aperture or smaller. Price £208s. Illustrated. J.L.G. 

Industrial apparatus for the determination of thermal 
conductivity of metals at temperatures up to 900°C. G. 
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Rangue, P. Henry, AND M. Cuaussain. Congr. Inter- 
nat. Mines, 7th Session, Oct., 1935, Met. Sec., 2, 303-309 
(1936); abstracted in Bull. Brit. Non-Ferrous Metals Re- 
search Assn., No. 91, p. 24 (1936).—The apparatus and 
method are described, and results are given showing the 
variation in the conductivity with temperature for Cu, 
Fe, Ni, and 18-8 steel. 

Laboratory apparatus for the magnetic separation of 
minerals. B. Grannic. Metall & Erz, 34 [11] 280-82 
(1937).—A description of a small apparatus and its opera- 
tion is given. Illustrated. L.T.B. 

Practica) de-airing. Joun H. Isennour. Jour. Amer. 
Ceram. Soc., 20 [9} 314-16 (1937). 

Recording microphotometer. P. J. Kipp ZONEN. 
Jour. Sci. Instruments, 14 [5] 183-84 (1937).—The instru- 
ment described is an improved form of the Moll micro- 
photometer type A. Price £840. Illustrated. J.L.G. 

Soft soap for ceramic purposes. Cuem. Las. WELWarr. 
Seifensieder-Zig., 61 [36] 695 (1834).—A specimen of a 
soft soap for ceramic purposes examined by the laboratory 
proved, by the constants of the liberated fatty acids, to be 
a pure soft linseed oil soap. E.Sr. 

Synchronous or induction motors. S. L. HENDERSON. 
Power, 80 [8] 430-31 (1936).—H. compares the charac- 
teristics of synchronous and induction motors and in- 
dicates the classes of service for which each is best suited. 


F.G.H. 
Testing seive shaker. INTERNATIONAL COMBUSTION, 
Lrp. Ind. Chemist, 12 [139] 383 (1936). H.ES. 


Thermal conductivity of modern ceramic insulating 
material. W. Srecer. Stemag- Nachr., No. 14 (1936); 
abstracted in Referat. Silikatliteratur, 3 [10] 3337 (1936).— 
Various apparatus used to determine the figure of thermal 
conductivity are described. See Ceram. Abs., 15 [9] 282 
(1936). M.V.C. 

Uses and limitations of respiratory protective equipment. 
Purie Drinker. Mech. Eng., 58 [3] 171-76 (1936).— 
Respirators are classified in detail, their general require- 
ments are discussed, and many types are described. II- 
lustrated. F.G.H. 

CIRCULAR 


Bureau of Mines apparatus for demonstrating electrical 
ignition of mine gas. E. J. Grem. U.S. Bur. Mines 
Information Circ., No. 6944, 5 pp. Free. G. describes 
types of apparatus that can be used to demonstrate 
hazards of ignition of explosive gas by electrical equipment 
(1) in the Bureau of Mines Pittsburgh station and (2) in 
the field. R.A.H. 

PATENTS 


Apparatus for separating fine from larger particles by air 
flotation. Firma J. M. Lenmann. Fr. 803,881, Oct. 10, 
1936; Chem. Abs., 31, 2477 (1937). 

Brick and stone drill. C.L.Garroarp (Kraeuter & Co., 
Inc.). U.S. 2,088,197, July 27, 1937 (Oct. 7, 1936). 


Combination burning of coal, oil, gas, and refuse. ANON. 
Power, 80 [9] 488 (1936).—Six types of combination bur- 
ners, all designed to burn at least two fuels, are described 
and illustrated. F.G.H. 
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Ceramic articles. N.V. voor KERAMISCHE EN CHEM- 
ISCHE INDUSTRIE “Kero-CHemica.”” Ger. 636,254, Oct. 
6, 1936; Cl. 80a. 49; Chem. Abs., 31, 828 (1937). The 
manufacture of ceramic articles, by uniting previously 
formed parts by means of a clay slip, is effected under the 
influence of short, rapid vibrations. 

Ceramic masses. KERAMCHEMIE-BERGGARTEN G.M.B. 
H. (Fritz Gareis, inventor). Ger. 637,905, Nov. 6, 1936; 
Cl. 806. 12.01; Chem. Abs., 31, 5530 (1937). A process 
for degassing and compressing ceramic masses by vacuum 
treatment and pressing is described. 

Device for conveying articles in continuous furnaces. 
PIERRE BERTRAND (N. V. Mij. tot Beheer en Exploitatie 
van Octrooien). U. S. 2,088,284, July 27, 1987 (Oct. 14, 
1936). 

Electrical precipitation of suspended particles from 
gases. WHESSOE FouNpRY & ENGINEERING Co., Lrp., 
A. G. Grant, AND A. Puttick. Brit. 467,823, July 7, 
1937 (Dec. 19, 1935). 

Forming die. C. J. Ropman (Alliance Porcelain Prod- 
ucts Co.). U.S. 2,087,302, July 20, 1937 (June 6, 1935). 

Hammer mill. N. Freprixsson (Aktiebolaget Ab- 
jorn Andersson). Swed. 84,359, Sept. 9, 1935; Chem. Abs., 
31, 2480 (1937). 

Machine for propelling abrasives, etc. J. W. JacKMAN 
& Co., Ltp., AND F. W. Nevitie. Brit. 469,451, Aug. 5, 
1937 (Jan. 23, 1936). 

Material for making molds. I. G. FarRBENIND. A.-G. 
Fr. 806,409, Dec. 16, 1936; Chem. Abs., 31, 4784 (1937). 
Molds, particularly for use in the dental art, are made 
from a ceramic substance or mixture of ceramic substances 
capable of hardening during firing, a substance composed 
of 1 or more compounds which enter into reaction with 
phosphoric ions to form a phosphate hardening at or- 
dinary temperature, and a substance practically free of 
alkali which furnishes phosphoric ions in the presence of 
an aqueous solvent. Examples are given. 

Means for degasifying clay and like plastic masses in 
extrusion presses. PAUKERWERK A.-G. vorm. ERNST 
BRUNNER MASCHINEN-FaABRIKs-Ges. Austrian 146,897, 
Aug. 25, 1936; Cl. 80); Chem. Abs., 31, 231 (1937). 

Method and apparatus for shaping articles. B. A. 
Jerrery (Champion Spark Plug Co.). U. S. 20,460, 
Aug. 3, 1937 (Feb. 8, 1937); reissue of original 1,863,854 
(Ceram. Abs., 11 [9] 499 (1932)). The method of form- 
ing a compressed shape from powdered or granular ma- 
terial comprises introducing the material between an in- 
terior rigid core and an elastic surrounding container of 
substantially the same internal shape, but of larger size, 
than the exterior of the desired article and compressing 
the container with the material therein by substantially 
uniform fluid pressure external to the container. 

Plant for the artificial drying of ceramic products and 
in particular of tile and brick. J. B. Monnrer. U.S 
2,089,399, Aug. 10, 1937 (Jan. 7, 1936). 


Elimination of sulfur from flue gases. ANon. Ind. 
Chemist, 12 [135] 157-62 (1936).—A modified method of 
eliminating sulfur from flue gases has been suggested due 
to conclusions from previous experimental work. The 
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process consists of subjecting the flue gases first to an al- 
kaline spray and then an acid spray. Best washing con- 
ditions exist when the alkaline spray contains excess 
chalk and the acid spray has a px below 2.3. One im- 
portant consideration in favor of the acid-ferric sulfate 
process is the fact that pure carbon dioxide is produced 
as a by-product in guantity equivalent to about half 
the chalk added. Illustrated by a diagram. H.E.S. 
Fused silica in heating processes: II, Gas burners. 
Burrows Moore. Ind. Chemist, 12 [141] 451-53 (1936). 
~Two types of Vitreosil fuel burners have been developed. 
One consists simply of two concen’ ‘= Vitreosil tubes, the 
outer one being connected to the fuel-gas source and the 
inner one to a source of compressed air. The other con- 
sists of a gas-jet tube with an orifice positioned within an 
envelope which, shaped on the Venturi principle, provides 
for mixing of the fuel gas and the air entrained through the 
air ports. For Part I see this issue, p. 297. H.E.S. 
Gas fuel in the metal industry. D. CHANDLER. Metal 
Ind. [London], 48 [10] 295-99 (1936).—The methods for 
burning gas and the systems available for its control are 
considered. Its use in nonferrous metals melting, heat 
treatment of metals, atmosphere control, and temperature 
control are discussed. The use of carefully controlled gas 
firing in tunnel kilns for firing porcelain without muffles 
is also discussed. H.E.S. 
Manufacture of salt-glazed stoneware pipes and fittings. 
A. Coutnon. Translated in Brit. Clayworker, 46 (543) 
106-108 (1937).—A commentary on the operation of in- 
termittent kilns is presented. See Ceram. Abs., 16 [9] 284 
(1937). R.A.H. 
Most important terms in the construction of electric 
furnaces. W. Fiscuer. Elektrowdirme, 7 [6] 123-24 
(1937).—Design and operating terms are compiled and 
defined. M.H. 
Oil burners, types and characteristics. ANon. Power, 
80 [9] 486-87 (1936).—Oil burners are classified according 
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to the method of obtaining atomization of the oil: (1) 
mechanical, (2) steam or air, and (3) rotary cup. Typi- 
cal examples of these types are described, and factors 
affecting their selection and arrangement are discussed 
Illustrated. F.G.H. 
Practical hints to prevent irregularities of firing. L. 
Tontscnerr. Keram. Rundschau, 45 [6] 59-61 (1937).— 
T. discusses different causes of irregularities, ¢., kiln sys- 
tem and construction, distribution of ware, supervision, 
fuel, combustion, time schedule, control, and kiln condi- 
tion. F.E.V. 
Systems for burning pulverized coal. Anon. Power, 
80 [9] 478-79 (1936).—The influence of the grindability 
and the ash, moisture, and volatile contents of the coal 
on the design and operation of a pulverized-coal system 
are discussed. Illustrated. F.G.H. 


BOOK 


How to Build Up Furnace Efficiency. J. W. Hays. 
Dunes Publishing Co., Michigan City, Ind., 1936. 559 pp. 
Price $3.00. Reviewed in Mech. Eng., 58 [7] 463 (1936).- 
Much practice! information is given in this elementary 
manual on combustion engineering. F.G.H. 


PATENTS 


Electric resistance furnace. Apo_r AND Wirr- 
SCHAFTSVERBAND DER PORZELLANINDUSTRIELLEN. Ger 
632,669, July 11, 1936; Cl. 21k. 15.02; Chem. Abs., 31, 
232 (1937). The furnace is used for ceramics and can 
attain temperatures of 1500 to 1600°. 

Kiln. J. T. Rosson anp G. R. Syivester (Ferro 
Enamel Corp.). U. S. 2,088,554, July 27, 1937 (June 30, 
1936). 

Kiln for firing ceramic materials. Fasrigue pE Porce- 
LAIN LANGENTHAL, S. A. Fr. 800,716, July 17, 1936; 
Chem. Abs., 31, 232 (1937). 


Geology 


Aspects of clay chemistry. A. BRAMMALL AND J. G. C. 
Leecu. Sci. Jour. Roy. Coll. Sci., 7, 69-78 (1937); Chem. 
Abs., 31, 4926 (1937). 

Catalytic decomposition of hydrogen peroxide by clay 
suspensions. N. F. E. N. Novikova, AND 
V. Va. Gurerman. Belaruskaya Akad. Navuk. Inst. 
Khim. Sbornik Prats., 1, 113-30 (1934); Chem. Abs., 31, 
2077 (1937).—The adsorption and catalytic activities of 
air-dried, calcined (at 120 to 700°), and water- and acid- 
activated clay suspensions of 0.25 to 0.5 mm. were stud- 
ied. No strict relation between adsorption and catalytic 
effect was observed. Clays having a high adsorption 
value are very weak catalysts, while those of medium ad- 
sorption are good catalysts. Clays containing Fe,O; act 
least upon H,O,. The catalytic activity falls with rise in 
temperature of calcination, especially above 400°. 

Distribution of the world’s mineral wealth. J. A. DUNN. 
Trans. Mining & Geol. Inst. India, 33 [1] 61-124 (1937).— 
A comprehensive statistical data compilation and a survey 
are presented. D. concludes that the English-speaking na- 
tions more or less hold the monopoly of strategic minerals 


and in combination could influence the course of a local or 
world disturbance of the peace. A.P.S. 

Feldspar in Western Australia. E. N. Grimwape 
Australian Food, 6 [12] 27 (1937).—-Near Coolgardie, W 
A., are deposits which have yielded 8000 tons per annum for 
several years, at a price of $7.68 per ton. These deposits 
have now been acquired by Australian Glass Manufac- 
turers, Ltd., and an additional plant is being installed, the 
Australian market for feldspar being thereby controlled 

H.H.S. 

Granitic sands and clays; distribution and origin. H 
Douvitt&. Bull. Soc. Géol. France, 6, 17-40 (1936); 
Chem. Abs., 31, 344 (1937).—D. gives a detailed descrip- 
tion of the distribution, nature, and origin of these sands 
accompanied by several analyses. The kaolin suitable for 
porcelain and the refractory clays have been separated from 
the quartz sands by aqueous action. The Fe ores of Berry, 
closely associated with the sands, are thought to have had a 
common origin with them. 

Hydrolysis of rock-forming minerals. A. BRAMMALL 
AND J. G. C. Legcu. Nature, 139 [3522] 754 (1937).— 
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The authors find that many rock-forming silicates yield 
alkali to cold water and several micas yield alumina on 
treatment with weak solutions of NaCl or KCl. Mineral 
dusts ground under benzene, bromoform, or methylene 
iodide are inert to water due to the formation of a protec- 
tive film which may be dispelled by alcohol or by further 
grinding. The geological significance of these observa- 
tions is suggested. J.L.G. 

Important silicates of the district north of the peninsula 
of Lower California. Tsoporo Fiores. Ingenieria 
[Mexico], 10, 5-11 (1936); Chem. Abs., 31, 3827 (1937).— 
In small valleys near the crest of the San Pedro Martir 
mountains there occur deposits of garnet, tourmaline, and 
feldspar remarkable for perfection, size of crystals, and 
mode of deposition. Large garnet crystals, some almost 
perfect, were found in the Santa Rosa Valley. Analysis 
of the deepest red, transparent pieces showed SiO, 36.15, 
TiO, 0.12, Al,O, 19.78, Fe,O; 2.18, FeO 25.06, MnO 14.54, 
MgO 1.21, and CaO 0.87%. The mineralogical compo- 
sition is pyrope 4.04, almandite 57.94, spessarite 33.92, and 
andradite 2.63%. Large, black, ferriferrous tourmalines 
(schorlite) are plentiful. Mica from the valley of San 
Ramé6n is of tabular habit and belongs to class 1 (plane of 
the optic axis 1 (0.10)). The average K,O content was 
10.45%. Large reddish feldspar crystals also occur in the 
pegmatites. These have a somewhat pearly luster caused 
by a film of chlorite. Silicification is discussed. It is 
probable that the pegmatites are in some cases of igneous- 
aqueous origin modified by high temperatures and great 
pressures and in other cases were formed by molten ig- 
neous intrusion. 

Mechanical analysis of lateritic soils: II, Note on the 
applicability of the hypobromite method. J. N. Cuaxkra- 
BORTY AND A. T. SEN. Indian Jour. Agr. Sci., 5, 39-40 
(1935).—The percentages of clay obtained by Interna- 
tional-A and Troell’s hypobromite methods have been com- 
pared in some of the Indian lateritic soils. It is shown that 
the dispersion of some of the Indian lateritic soils by the 
hypobromite method is not complete unless (1) sufficient 
NaOH is added to bring the pu of the suspension to 10.5 
and (2) the suspension is shaken for a longer time than that 
recommended in the original method. III, New method 
using alkaline permanganate for oxidation of organic mat- 
ter. J. N. Cuaxraporty. pp. 41-50; see “‘Appli- 
cability—,’’ Ceram. Abs., 16 [4] 128 (1937). A.P.S. 

Nature and relations of the zeolites; a review. Max 
H. Hey. Trans. Ceram. Soc., 36 [3] 84-97 (1937).—The 
zeolite minerals are defined as being similar to the base- 
exchange clays except in composition, and a review of their 
structures, as far as they are known, is given. The zeo- 
lites are essentially replacement structures based on open 
meshed silicon-aluminum-oxygen anionic frameworks, the 
strength and stability of which are due to homopolar 
binding. Water molecules occupy definite lattice posi- 
tions but are not firmly held and can be removed without 
breakdown of the structure; the equilibrium water-vapor 
pressure over a zeolite at any given temperature varies 
with the water content of the zeolite. Vapor-pressure or 
dehydration data show that for the removal of water an 
activation energy greater than the activation energy of mi- 
gration of the water within the lattice is necessary and by 
simple kinetic treatment an equation can be developed 
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which covers All possible types of vapor-pressure surface. 
The place of removed water can be taken by a variety of 
molecules provided they are small enough to enter the 
migration channels and the chemical affinity as measured 
by the activation energy of escape is adequate. The re- 
lation of the zeolites to other natural groups of compounds, 
such as the ultramarines and the permutites, is discussed. 
Clays, especially the montmorillonite-beidellite series, re- 
semble the zeolites closely in their dehydration and base- 
exchange properties, but instead of the whole of the mono- 
valent and divalent cations being exchangeable, only part 
react. The most striking difference is that only the clays 
can enter into base-exchange reactions involving hydrion 
See “Studies—,’’ Ceram. Abs., 15 [5] 166 (1936). 
R.H.H.P., Jr. 
Synthetic clay minerals and porcelain from synthetic 
kaolin. W. Nott. Sprechsaal, 70 [10] 127-29; [11) 
143-46 (1937).—Clay minerals are discussed according to 
composition and structure. Kaolins (ceramic clays) of the 
composition Al,O;-2Si0.-2H,O and montmorillonite (fuller’s 
earth and bentonite) of the composition Al,O;-4SiO,-H,O-- 
nH,O were chiefly studied. Kaolin synthesis results from 
simple heating under pressure of hydrates of alumina and 
silica. The best conditions exist when temperatures from 
300° to 350°C are used, the raw mixture is in the ratio of 
1 to 2, and steam pressure is about 87 atmospheres. Pyro- 
phyllite is formed if too high temperatures are used. When 
increased additions of alkalis or hydroxides of alkaline 
earth are added to the system Al,O;—SiO,-H,O (with a ratio 
of 1 to 4) some montmorillonite is formed besides alkalis. 
Under certain optimum concentrations of hydroxides, 
montmorillonite alone is produced. The conditions of its 
formation are similar to those of synthetic kaolin. Kao- 
lin synthesis does not depend only on alkali-free systems 
but can occur also in those containing alkalis. The syn- 
thetic minerals were studied by means of X-rays and de- 
hydration curves. The particle size of synthetic kaolin is 
smaller; this fact becomes noticeable in dehydration tests. 
The chief differences, however, lie in the fact that syn- 
thetic kaolin is free from impurities (Fe,O;, TiO, and al- 
kalis). X-ray pictures of synthetic montmorillonite are 
similar to those of natural montmorillonite. The inter- 
crystal swelling of synthetic montmorillonite (increase in 
the angle of refraction of the 001 interference with lowered 
water content) and the change in the “layer interval”’ 
(001) with that of the steam pressure in natural and syn- 
thetic montmorillonite are discussed. Experiments of 
other investigators with regard to synthetic kaolin are 
outlined. It was found that an addition of Lothain kao- 
lin to porcelain manufactured from synthetic kaolin (50% 
synthetic kaolin, 25% quartz sand, 25% feldspar) was 
necessary to increase plgsticity. A crucible made from it 
was fired to cone 15; it remained white in spite of the ad- 
dition. Shrinkage on drying amounted to 5% (linear) 
and shrinkage on firing, 10.5%. See ‘‘Mineral—,” Ceram. 
Abs., 15 [2] 72 (1936). M.V.C. 


BOOKS AND BULLETINS 
Barium Minerals. ANon. Imperial Inst., London. 84 
pp. Price 2s net. This booklet gives an adequate review 


of the principal barium minerals, their preparation, uses, 
production, marketing, etc., and sources of barium minerals 
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in the British Empire and foreign countries together with 
comprehensive statistical matter. In view of the wide- 
spread utilization of barytes, the present book should 
prove useful. A.P.Som 
Distribution of clay by uses in 1935-36. Anon. U. S. 
Bur. Mines Mineral-Market Rept., MMS 578. 6 pp. Free. 
An advance summary for the industry is given. R.A.H. 
Feldspar industry makes new record in 1936. AwNon. 
U.S. Bur. Mines Mineral-Market Rept., MMS 573. 3 pp. 
Free. R.A.H. 
Geologic factors in the interpretation of fluorspar re- 
serves in the Illinois-Kentucky field. L. W. Currier. 
U. S. Geol. Survey Bull., No. 886-B,9 pp. Price 5¢ from 
Supt. of Documents, Govt. Printing Office, Washington, 
D.C. C. reviews the major geologic features of the field 
and includes a chart showing trends in the production, 
importation, and utilization of fluorspar. R.A.H. 
Geology and mineral resources of the western part of 
the Arkansas coal field. T. A. Henpricks AND Bryan 
Parks. U. S. Geol. Survey Bull., No. 847-E, 35 pp. 
Price 25¢ from Supt. of Documents, Govt. Printing Office, 
Washington, D. C. The exposed stratified rocks of the 
area belong to the Atoka, Hartshorne, McAlester, Savanna, 
and Boggy formations of Pennsylvanian age, and consist 
of alternating beds of shale and sandstone and associated 
coal beds. R.A.H. 
Kaolin or china clay industry in 1936. Anon. U. S. 
Bur. Mines Mineral-Market Rept., MMS 575. 2 pp. Free. 
An advance summary for this industry is given. R.A.H. 


Chemistry 


Adsorption on measured surfaces of vitreous silica: II. 
W. G. Patmer. Proc. Roy. Soc. [London], A160, 254- 
67(1937).—Earlier work on the adsorption of vapors on 
known surfaces of vitreous silica has been extended by 
measurements up to saturation pressures with benzene, 
acetone, and methyl alcohol. The S-shaped form of the 
isothermals is discussed, and reasons are advanced for at- 
tributing all of the condensation to pure adsorption. The 
films are four molecules thick at saturation, but the linear 
relation between the log of the adsorption potential and 
the amount adsorbed holds strictly over almost the whole 
pressure range. The spreading forces calculated from ob- 
servations agree with those calculated from certain equa- 
tions of state for the films. The observed maximum value 
of the adsorption potential can be accounted for on the 
basis of dipole interaction between the surface and the ad- 
sorbed molecules. Comparisons are made between the 
behavior of films of small molecules on the solid and that 
of films of long-chain molecules on water. For Part I see 
Ceram. Abs., 16 [5] 160 (1937). : A.P. 

Applications of floating equilibrium to determination of 
density. H. Irnvinc. Science Progress, 31 [124] 654-65 
(1937).—I. describes the more important methods based 
on the principle used by Archimedes when he determined 
the gold in the crown of Hiero. Reference is given to 
Andreae’s modification of Retger. H.H.S. 

Chemical studies of silicates: IV, Behavior of pyro- 
phyllite, Al,(Si,O,.)(OH)., on heating and the existence 
of a “water-free pyrophyllite,” Al.(Si,O..)O. Erich 
AND Heinz ScHUNEMANN. Z. Anorg. Aligem. Chem., 230 
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Minerals Yearbook, 1937. U.S. Bureau or Munes. 
1500 pp. Supt. of Documents, Govt. Printing Office, 
Washington, D. C. Price $2.25. The book reviews the 
mineral industry during the calendar year 1936, both in 
the U. S. and abroad; contairs official Government sta- 
tistical information on nearly 100 metals, minerals, and 
mineral products; and presents a comprehensive and ac- 
curate record of economic developments and trends in 
mining. It is of current interest and lasting value, both 
to the mining industry and the general public, and is in- 
dispensable to everyone interested in domestic and inter- 
national trade in minerals. In addition to presenting 
detailed commodity statistics, the volume reviews the sta- 
tus of mining in relation to American industry. Efforts 
of foreign powers to attain self-sufficiency in strategic ma- 
terials are described. Progress in mine mechanization is 
brought up to date through the results of a codperative 
study with the National Research Project of the WPA. 
Detailed data heretofore released through the Statistical 
Appendix, publication of which has been discontinued, is 
included. R.A.H. 

Pyrochemical changes in Missouri halloysite. Franx 
J. Zvanut, Lyman J. Woop, C. M. Dopp, anv W. T. 
Scurenx. School Mines & Met., Univ. Missouri, Bull., 
12 [3] 42 pp. (March, 1937); see Jour. Amer. Ceram. 
Soc., 20 [8] 251-57 (1937). F.J.Z. 

Vermiculite, a new commercial mineral. Anon. JU. S. 
Bur. Mines Mineral-Market Rept., MMS 549. 2pp. Free. 

R.A.H. 


and Physics 


[4] 321-35 (1937).—Pyrophyllite loses water at about 400° 
C. The rate of loss and the maximum amount evolved de- 
pend on the fineness of the sample. The dehydrated py- 
rophyllite does not reabsorb water at low vapor pressures 
but does pick it up from the air. The solubility of pyro- 
phyllite in NaOH and in HCI is constant in samples heated 
up to 400°. On gradual heating up to 1100° there is an 
increase in the solubility. Above 1100° the solubility be- 
comes very great. The changes in solubility are attributed 
to a change in the lattice. X-rays show that pyrophyllite 
changes into a new crystal form on losing water at 400° 
but without passing through an intermediate amorphous 
state. The X-ray pattern of the water-free pyrophyllite 
is practically identical with that of talc. Water-free py- 
rophyllite to which the formula Al,(Si,Oj»,)O is assigned is 
stable up to 1150°. Above this temperature the lattice 
breaks down and mullite and cristobalite form from the 
components. V, Nature of the reaction products of py- 
rophyllite with molten MgCl, and CoClh. Jbid., pp. 375- 
80.-The nature of the reaction products of these materials 
was studied by means of X-rays. At 800°C reaction takes 
place. With MgCh, pyrophyllite forms cordierite (MgO-- 
Al,O,°2.5SiO,) and free silica; with CoCk, it forms silica 
and cobalt spinel. For Part III see Ceram. Abs., 15 [4] 
133 (1936). L.T.B. 
Chemistry and analysis of beryllium (glucinum). Lucy 
F. Kerrey. Jour. Australian Chem. Inst., 4 (6) 223-32 
(1937).—Be may be separated from Al and Fe by the bi- 
carbonate or 8-hydroxyquinoline methods. Precautions 
that should be taken are described. H.HS. 
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Crystallization of zinc borate. R. PAxis AND P. Mon- 
DAIN-MonvaL. Compt. Rend., 202 (25) 2075-77 (1936). 
The crystallization conditions of vitreous zinc borate were 
investigated. Crystallization begins at about 520°C, 
reaches a maximum at 820°, and is at 0 again at about 
970°C. 5 references. M.H. 

Decomposition of ferrous oxide. J. B&NARD aANp G. 
Cuaupron. Compt. Rend., 202 [15] 1336-38 (1936).- 
The disintegration products of FeO were investigated 
thermomagnetically. While at temperatures above 570°C 
the decomposition takes place according to 4FeO — Fe + 
Fe;O,, at lower temperatures a reaction of the form 
8FeO — Fe;O, + solid solution (Fe + 4 FeO) takes place. 

M.H 

Determination of alumina by o-oxyquinoline. P. P. 
Bupnikov AND S. S. Zhur. Prikiad. 
Khim., 9 [11] 2079-87 (1936). P.B. & ES. 

Diffraction of electrons by quartz glass. N. A. Suisua- 
Kov. Zhur. Tekh. Fiz., 5, 1834-41 (1935); Chem. Abs., 31, 
29 (1937).—A drop of a suspension in water of finely 
powdered quartz glass was set on a celluloid film from 
which the structure of the quartz glass was studied by 
electronic diffraction. The quartz glass was found not to 
be amorphous but to consist of crystals of tetragonal 
cristobalite, apparently the size of colloidal particles. 
See Ceram. Abs., 15 [2] 58 (1936). 

Dissolution of silica in potassium or sodium silicates. 
S. K. Curexov, A. I. Kryjyak, E. V. Lopanov. Zhur. 
Khim. Prom., 13, 1300-1305 (1936).—The dissolution 
velocities in potassium silicates are higher than in sodium 
silicates. In the case of metasilicates, the reaction ve- 
locity is higher than in that of disilicates. With the increase 
of the SiO, content in both potassium and sodium silicates, 
the dissolution velocity of silica falls. The dissolution 
velocity of SiO, in silicate mixtures depends on the tem- 
perature, the composition of the mixture, and the silica 
content. When dissolving SiO, in mixtures of potassium 
and sodium metasilicates, the isotherms of mK in de- 
pendence of the composition disclose a maximum lying 
over InK for pure components and which displaces to the 
side of potassium metasilicate with the increase of tem- 
perature. In the case of disilicates there is a maximum 
and a minimum. Under 1000° the former lies between 
inK for pure disilicates and increases with the increase 
of temperature. The minimum obviously corresponds 
with a chemical combination of the disilicate mixture 
components, the maximum with the eutectic of the mix- 
ture. When preparing mixed soluble glass, it is advan- 
tageous to use eutectic disilicate mixtures. A chemical 
combination in the system K,O-2SiO,-Na,0-2SiO, will 
have a noxious effect on the process of obtaining soluble 
glass, lowering the rate of its formation, on the ready 
product, lowering the rate of its dissolution in water, and 
the silicate modulus of dissolved glass. Potassium sili- 
cates lixiviate water easier than sodium silicates. The 
data obtained can be used for technological calculation of 
the process of production of soluble glass from potassium 
and sodium chlorides. P.B. & ES. 

“Dithizone” an excellent reagent for lead. C. F. 
Miter. Chemist-Analyst, 26 [3] 55 (1937).—A 0.01% 
solution of diphenylthiocarbazone in carbon tetrachloride 
or carbon disulfide yields bright red flakes at the interface 


when shaken with an ammoniacal potassium cyanide 
solution that distinguishes minute quantities of lead even 
in the presence of fairly large quantities of Ag, Cu, Ni, 
Zn, Cd, Sb, Bi, and As. Tin, thallium, and very large 
quantities of bismuth and cadmium interfere. Prepara 
tion of the reagent is described. A.P 
Heat content of the various crystalline modifications of 
zinc hydroxide. R. Fricke AND K. Meyrinc. Z. Anorg 
Allgem. Chem., 230 [4] 357-65 (1937).—The differences in 
the molar heat content of four crystalline modifications of 
zine hydroxide and of the pseudoamorphous zinc hydroxide 
were measured. The heat contents of the crystalline 
modifications are very close; the three unstable forms show 
differences of not more than about 100 cal. The most 
stable hydroxide has a heat content about 200 cal. lower 
than the next stable form. L.T.B. 
Innovations in the technique of microscopy in the service 
of the ceramic industry. Karsten. Céram., Verreric, 
Email., 4 [10] 389-93 (1936).—Progress in the construc- 
tion of microscopes and photographic microscopes has 
made possible rapid observation in reflected light, oblique 
light, transmitted and polarized light, and fluorescent light. 
Examination with polarized light is important in the glass 
industry to determine tensions. Transmitted light shows 
the crystalline character of glass, and other defects can be 
determined microscopically. Modern types of photo- 
graphic microscopes are described. M.V.C. 
Layer lattice in relation to mineral chemistry. ALFrep 
BRAMMALL AND J.G.C.Leecn. Science Progress, 31 (124) 
641-53 (1937).—-The structure and variable composition 
of the clay species, micas, and chlorites was interpreted 
by L. Pauling (1930) by his layer-lattice conception, 
founded on the application of X-rays to the study of 
crystals. Thus the silicate minerals, formerly in detached 
species and groups, are being welded into communities of 
a small number of structural types. The kaolinite- 
halloysite group is especially discussed. Lattice shrinkage 
during dehydration of bentonites is attributed to a dis- 
tinction between mechanically held and fixed water; the 
general formula of the montmorillonite-beidellite group 
is Base-exchange between clays 
is discussed. H.H.S. 
Measuring heat of hydration. F.M.Lea. International 
Assn. for Testing Materials, London Congress, April, 1937. 
Concrete {Cement Mill Ed.], 45, 173-74 (1937). W.D.F 
Mechanism of the phenomenon of the exchange of 
bases. G. AUSTERWEIL. Bull. Soc. Chim., [5] 3, 1782-90 
(1936); Chem. Abs., 31, 306 (1937).-Glauconite was 
triturated with solutions of CaCh, the solution was re- 
newed until it was saturated, washed until there was no 
more ¢hloride in the wash water, and dried to constant 
weight at 102 to 105°. An aliquot part of the glauconite 
was placed in contact with aqueous MgCk solution of 
equivalent concentration. After mixing, the solid was 
found to have taken up 80% of the Mg. The glauconite 
was then removed from the liquid and washed thoroughly. 
The wash water was added to the solution and the mixture 
concentrated to the original concentration of the MgCl 
solution. This was put in contact with a new aliquot of 
the glauconite treated with CaCl and the procedure re- 
peated. It was found that 80% of the Mg ions remaining 
in solution were taken up again, indicating that base ex- 
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change takes place according to the law of extraction. 
Yhese figures are checked by treating the glauconite with 
NaCl and determining the Ca and Mg going into solution. 
The Mg was found to be distributed between the glaucon- 
ite and the solution according to the distribution law in 
proportion to their respective solubilities (4:1). This 
confirms the conclusion from previous work (Ceram. Abs., 
15 [11] 345 (1936)) that base exchange is regulated by the 
laws of extraction, the solid taking the part of a non- 
miscible liquid. A correlation was found between the 
extraction formula and the empirical adsorption equation, 
shown to govern the base exchange between constituents 
of the soil and aqueous solutions of cations. 

Melting point diagrams of refractory oxides: VII, 
Systems with CaO and BeO. H. von WarTEeNBERG, H 
J. Reuscn, anp E. Saran. Z. Anorg. Allgem. Chem., 230 
[3] 257-76 (1937).—Melting point diagrams were plotted 
from the observations of the softening point and the for- 
mation of drops on 2 mm. rods of the mixtures of the 
oxides in a gas-fired furnace. The tube of the furnace was 
made of ZrO.. Temperatures were measured with a micro- 
pyrometer with the aid of a steel mirror beneath the fur- 
nace. Temperatures up to 2900°C were recorded. The 
following oxide systems were studied: CaO with Cu,0O, 
BeO, SrO, BaO, MgO, Al,Os, TiOz, SiO», ZrO,, ThO,, PbO, 
Fe,O;, Mn;O,, NiO, CoO, and Cr,O;; and BeO with Cu,O, 
MgO, La:Os, CeO», ThO:, CriOs, FesO,, 
CoO, and NiO. For Parts V-VI see Ceram. Abs., 12 [2] 
63 (1933) L.T.B. 

Precision determinations of the lattice constant of 
quartz and new measurements of the Ka wave-length of 
the elements 45Rh, 46Pd, and 47Ag. Sven Erc. Z 
Physik, 106 [5] 315-21 (1937).—The lattice constant of 
quartz (plane 0001) was determined accurately for the 
first three orders with Mo Ka. Ka, and Ka, of the three 
elements were measured in the first two orders. The 
index of quartz for those wave-lengths was evaluated. 

L.T.B 

Products of interaction of sodium silicates with electro- 
lytes: I. V. A. Karorn, S. A. Katz, ann A. F. Komov 
skil. Zhur. Priklad. Khim., 10 [1] 82-85 (1937).—X-ray 
investigations and investigation of strength in dependence 
on the viscosity of initial solutions of soluble glass with an 
addition of bivalent electrolytes showed that the action of 
bivalent electrolytes on soluble glass solutions forms no 
silicates. All gels obtained had a cristobalite structure. 
Il. V. A. Karon anp S. A. Katz. Ibid., pp. 86-92. 
The adsorbing power of SiO, gels in relation to CaO and 
the effect of the properties of the initial solutions on the 
cisorptive power of SiO, gels were investigated. It is 
suggested that the differences of adsorptive power observed 
depend on the amount of crystalline silica formed in the 
initial soluble glass solution. P.B. & ES. 

Reactions caused by “activated” alumina. R.S. Cann 
AND R. F. Nature, 139 [3521] 717-18 (1937).- 
The authors report that commercially activated aluminas 
contain relatively large amounts of alkali, as much as 
0.41% calculated as NaOH, and can bring about in 
neutral solvents reactions which are normally associated 
with alkaline reagents in hydroxylic solvents. This may 
be responsible for abnormal results recorded by other 
J.L.G 


workers 
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Reactions in the solid state: I, Development of our 
knowledge of the reactivity of the solid state. J. A 
HepvALL. Angew. Chem., 49, 875-79 (1936); Chem. Abs., 
31, 598 (1937).—A discussion of the available literature is 
given. 51 references. II, Course of reactions in the solid 
state. WILHELM JANDER. Angew. Chem., 49, 879-82 
(1936).—J. gives a summary of the present-day knowledge. 
23 references. III, Active states which must occur in re- 
actions which involve several solid substances. Gustav 
F. Htrric. /bid., pp. 882-(2.—The following subjects 
are treated: (1) changes of the properties of a powdered 
mixture in the course of its gradual heating, (2) division of 
the over-all reaction into individual steps and their mean- 
ing, (3) systems which have been examined and their 
comparison, and (4) various effects that can change the 
course of the reaction. 81 references. IV, Reactions in the 
solid state in the silicate industry. W. Erre.. /bid., pp 
895-901; Chem. Abs., 31, 1172 (1987).—E. discusses the 
problem in connection with the ceramic, cement, glass, 
and enamel industries. 86 references. 

Silicate science. G. W. Morey. 
Soc., 20 [9] 283-87 (1937). 

Sintered magnesite: I, Quantitative investigation of 
the compounds produced. Kami_Lo Konopicky AND Hans 
Kasse.. Ber. Deut. Keram. Ges., 17 [10] 465-83 (1936) 
The following points were investigated: the behavior of 
iron oxide and magnesite, the effect of silica, the effect of 
CaO, and the reactions between CaO and silica. Mixtures 
of the most varied composition were prepared from the 
four components MgO, Fe,O;, SiO. and CaO. The 
analyses of the residues after treatment with 10% NH,NO, 
solution were compared with the analyses of the original 
sinter. When lime is absent, only MgO goes into solution 
on treatment with NH,NO; solution. The residue corre 
sponds to a mixture of magnesium orthosilicate and mag 
nesium ferrite. In the presence of lime, the magnesia, 
most of the lime, and part of the silica go into solution, 
again leaving a residue consisting of a mixture of mag 
nesium orthosilicate and magnesium ferrite. With lime 
but little or no silica present, dicalcium ferrite or its reac 
tion products with magnesia are present. With increasing 
silica content, the quantity of calcium magnesium ferrite 
formed becomes less and less, disappearing when the lime 
silica ratio of about 1 is reached. As long as the calcium 
ferrite reaction is taking place, part of the silica is present 
as dicalcium silicate. On the disappearance of calcium 
magnesium ferrite (due to excess of SiO,), monticellite 
occurs instead of dicalcium silicate. Even with finely 
divided mixtures of MgO and Fe,O; and CaO, the reaction 
is not complete after heating for one hour at 1500°, excess 
free lime always remaining behind. Investigations on 
three different sintered magnesites proved the practica- 
bility of this method of testing, as the results were in agree- 
ment with microscopic examinations of thin sections. 

E.J.V. 

Sodium hypo-iodate a specific reagent for magnesium. 
MARIAN CHAMBERS. Chemist-Analyst, 26 (3) 66 (1937).— 
The test solution is concentrated and a few cubic centi- 
meters of fresh hypo-iodate solution is added. A brick- 
red to brown precipitate indicates magnesium. To pre- 
pare the reagent, add just enough caustic to a saturated 
solution of iodine in potassium iodide to decolorize the 
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iodine. The sensitivity is only 1 part per hundred thou- 
sand, but only large amounts of ammonium salts and 
aluminum interfere. ALP. 
Spectroscopy in industry. A. Fowier. Jour. Sci. /n- 
struments, 14 [5] 153-61 (1937).—F. discusses the present 
and the possible positions of spectroscopic analysis, both 
qualitative and quantitative. Subjects considered are 
qualitative analysis, persistent lines, quantitative analysis, 
estimation of intensities, difficulties, some applications, and 
possible future developments. At present, spectroscopy’s 
chief value to industry lies in the rapid determination of 
the minor constituents of materials. J.L.G. 
Studies on active zinc oxide as well as the stability of 
zinc hydroxides. R. Fricke anp K. Meyrinc. Z. Anorg. 
Allgem. Chem., 230 [4] 366-74 (1937).—Active and in- 
active zinc oxide were prepared from the crystalline and 
amorphous zinc hydroxides. The methods of preparation 
are described. The heat content of the active oxide de- 
pends on the method of preparation and also on the original 
material. The heat content of the active oxide decreases 
on continued heating at 100°C. The changes in the heats 
of solution are discussed from the standpoint of changes 
in the lattice as detected by X-rays. See ‘“‘Thermal and 
X-ray—,” Ceram. Abs., 14 [1] 23 (1935). L.T.B. 
Use of fluorides in the iodine titration method for copper 
in the of iron. Morris Lirscuvsetz. Chemist- 
Analyst, 26(3) 57 (1937).—Addition of 1 g. of alkali fluoride 
eliminates the need for separating ferric iron before the 
iodometric determination of copper. A.P. 
Uses and limitations of X-ray diffraction methods. 
Joun T. Norton. Jour. Applied Physics, 8 [5] 307-13 
(1937).—N. analyzes the usefulness of X-ray diffraction 
equipment as an industrial tool. He emphasizes the need 
for intelligent direction by someone who understands the 
nature of the information to be gained and has the ability 
to resolve the problems into their fundamental aspects. 
Basic types of information which may be obtained include 
(1) type and size of crystal lattice, (2) crystal orientation, 
(3) grain size, and (4) crystal distortion. A.P. 
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Atlas of the spectra analysis lines of the most important 
elements (Atlas der analysen-linien der wichtigsten ele- 
mente). F. Lozewre. Theodor Steinkopff, Leipzig, 1936. 
2d ed. 37 pp., 16 plates. Price 10 Rm. Reviewed in 
Proc. Phys. Soc. [London], 49 [4] 431 (1937).—This 
edition contains plates of selected regions of line spectra 
of 46 elements, a brief explanation and lists of wave-length, 
and data for another 11 elements not contained in the 
plates. A 10-page table gives analysis lines between 
»\ 1854 and \ 8944. L.E.T. 

Calculation of the specific heats and entropies of metal 
vapors from spectroscopic data, with special reference to 


gaseous iron and copper. K. K. Keitey. U. S. Bur 
Mines Repts. Investigation, No. 3341. 18 pp. Free. 
R.A.H. 


Chloride volatilization of lithium from spodumene. 
Foster AND Oxiver C. Rarston. U. S. Bur. 
Mines Repts. Investigation, No. 3344. 11 pp. Free. 


The need for cheaper lithium salts for air conditioning, 
dehumidification, and for lithium feldspar to be used in 
glass and ceramic trades prompted the work of making 
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available lower-grade spodumene deposits by improved 
beneficiation and extraction. R.A.H. 
Graphs, How to Make and Use Them. H. ArkIn AnD 
R. R. Corton. Harper and Bros., New York, 1936. 
224 pp. Price $3.00. Reviewed in Mech. Eng., 58 [5) 
329 (1936).—An excellent introduction to the subject is 
presented, the directions being unusually clear and simple. 
All the usual methods of graphic representation are covered 
and a wide variety of uses, including technical applications, 
are illustrated. F.G.H. 
Statistical Methods for Research Workers. R. A. 
FisHeR. Revised and enlarged. 6th ed. xiv + 339 
pages. Oliver wid Boyd, Edinburgh and London, 1936. 
Price 15s net Briefly reviewed in Nature, 139 [3522) 
737 (1937).—‘This is a standard work on this subject for 
the scientific worker. J.L.G 
Thermodynamics, the Principles of Thermodynamics 
and Their Application to Engineering Processes. L. C. 
Licuty. McGraw-Hill Book Co., New York, 1936. 
281 pp. Price $3.00. Reviewed in Mech. Eng., 58 [10] 
671 (1936).—L.’s aim was to simplify the treatment, strip 
it of many unnecessary mathematical manipulations, and 
consolidate it into logical groupings from the viewpoint of 
thermodynamic analysis rather than mechanical equip- 
ment. He also attempts a better balance than is usual 
between vapor and combustion processes. F.G.H 
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Manufacture of metal silicates. W. A. Smirn. U. S. 
2,088,281, July 27, 1937 (July 30, 1932). In the method of 
precipitating an insoluble metallic silicate from a relatively 
dilute solution of an alkali metal silicate, by a solution of 
a salt of another metal in which the amount of the other 
metal is at least approximately sufficient to effect com- 
plete substitution of the alkali metal, that improvement 
pertaining to the control of the reactivity of the insoluble 
metallic silicate which comprises maintaining the mixture 
while the precipitate forms, separating the precipitate from 
the solution, and drying the precipitate at a speed which 
is higher when a high chemical reactivity of the precipitate 
is desired and less when lesser chemical reactivity is de- 
sired. 

Method of making boric acid. ALFRED NEWMAN 
(Pacific Coast Borax Co.). U. S. 2,089,406, Aug. 10, 
1937 (Aug. 13, 1928). 

Production of titanium dioxide. L’R. G. Bousgusr, H. 
W. Ricuter, AND B. W. ALLAN (American Zirconium 
Corp.). U.S. 2,089,180, Aug. 10, 1937 (Feb. 11, 1935). 

Silicates. PENNSYLVANIA SALT Mpc. Co. Fr. 806,257, 
Dec. 11, 1936; Chem. Abs., 31, 4461 (1937).—A solid 
alkali subsilicate is made by mixing powdered SiO, and 
solid caustic alkali in proportions such that the content 
of the mixture in alkali oxide, e.g., Na,»O, is not below its 
content in SiO,, and in the presence of less water than will 
dissolve the NaOH. The mixture is heated to below the 
freezing point of the caustic alkali, e.g., 175 te 450°. 

Treatment of glass, glazes, and enamels. DruTscHe 
TAFELGLAS A.-G. (Détag) (Rudolf Geppert and Adolf 
Dietzel, inventors). Ger. 644,097, April 23, 1937; Cl. 
32b. 6.50; Chem. Abs., 31, 5529 (1937).—The resistance 
of glass, glazes, and enamels to chemical influences is 
increased by treating the fused materials with steam 
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under such conditions that the finished products retain 
more than the usual proportion of water. Thus, a mate- 
rial which evolves water may be added to the melt while 


Ceramic filter media and high rates of filtration. M. 
Levine, R. Luppers, W. E. GALLIGAN, AND R. 
VaucHNn. Sewage Works Jour., 8, 701-27 (1936); Chem. 
Abs., 31, 1130 (1937).—Trickling filters employing 1 to 3 
in. granite, ceramic Raschig rings (*/,, 1, 1'/2, and 2'/, in. 
in diameter), and Straight’s perforated blocks were 
studied at rates from 2 to 16 million gal./day. The */, 
and 1 in. rings gave the best removal of B. O. D. and nitri- 
fication, and the 1'/, to 2'/, in. rings compared favorably 
with granite. B.O. D. reductions by the filters containing 
granite, perforated blocks, and 1 in. rings at 16 million 
gal./day loadings were 43.4, 48.8, and 49.4%, respectively. 
After sedimentation of the filter effluents, the B. O. D. 
removals were 78.6, 81.8, and 894%. The high reduc- 
tions by sedimentation are attributed to the colloidal action 
of the filter, the coagulated organic matter being flushed 
out of the filter by the washing action of the high rate of 
dosage. The B. O. D. removal per acre ft. by filtration 
and settling increased from 450 to 3950 Ib. with the granite 
filters and from 469 to 4500 lb. with the Raschig rings, 
when the rates of dosing were increased from 2 to 16 
million gal. per day. The quality of the final effluents 
was reduced at these high rates. 

Characteristic properties of certain industrial dusts. H. 
V. A. Briscoe, P. F. Hort, J. W. Matuews, anp P. M 
SanpersoN. Nature, 139 [3522] 753-54 (1937).—The 
solubility in water of various dusts known to produce 
silicosis (crushed calcined flint, asbestos, feldspar, and 
pottery dusts) is a complex phenomenon depending on 
temperature, time, particle size, quantity, and on the 
presence of adsorbed films. Feldspar ground under ben- 
zene is not soluble in water but yields alkali in 95% alco- 
hol. This must be due to an adsorbed benzene film. 
Silica dusts may have their solubility greatly reduced by 
mixing with an equal amount of powdered sugar charcoal, 
anthracite, or bituminous coal. Such additions have no 
effect on the quantity of soluble silica liberated from 
asbestos though they materially reduce the quantity of 
alkali liberated. The presence of. Na;CO,; in water mate 
rially increases the yield of soluble silica from quartz dust 
Extraction of asbestos dust with dilute acid does not cut 
down the yield of soluble silica. The presence of Ca(OH), 
(but not CaCO,) in small proportion inhibits the release of 
soluble silica from both quartz and asbestos. Granite 
wet-driled in a Cornish mine gave values from 8 to 9% 
of water while the corresponding figure for the granite 
crushed dry was 0.6%. The authors conclude that freshly 
fractured surfaces of silica and some mineral silicates are 
in a highly reactive state and readily yield both alkali and 
soluble silica on contact with water. Thus the dusts 
may reach the workers lungs in a partially hydrated or 
dissolved state. They find that fine dusts aggregated by 
settling are much less reactive than when first formed 
This may explain the failure of attempts to induce silicosis 
in animals by exposure to artificially raised dust clouds. 
I.LG. 


General 


an atmosphere of high steam content is maintained ab ve 
the melt. 


Chemical and metallurgical industries in India. E 
Spencer. Ind. Chemist, 12 [137] 254-56 (1936).—In the 
Indian cement industry, consumption is now about on a 
par with production capacity. A large factory with a 
capacity of 100,000 tons per year was recently completed 
in southern India, and another factory is nearing comple- 
tion 250 miles from Calcutta near the Karanpura coal 
field. A cement works being constructed in Burma pro- 
poses to utilize natural gas and oil instead of coal as a fuel 
The yearly per capita consumption in India is 4 Ib., while 
in the United Kingdom it is 230 Ib. and in America 560 Ib 
Most of the glass used in India is imported from Japan 
A few factories are in existence in the neighborhood of 
Calcutta, with a total daily production of about 20 tons 
of the cheaper qualities of glass articles, and several larger 
factories are situated in the Punjab and United Provinces 
near supplies of glass, sand, and feldspar. The absence 
of cheap indigenous soda ash is a very serious handicap to 
the development of this industry. H.E.S 

Dust. E. SmoirczyK. Gasmaske, 8, 16-19 (1936); 
Chem. Abs., 31, 2312 (1937).—S. gives a brief but excellent 
review of the dust problem. Among the points discussed 
are the sources of dust, the amount of dust in various 
locations, the loss of valuable products in the form of dust, 
the properties of dust particles, the physiological damage 
caused by dust, the body mechanism to protect against 
dust, and diseases due to dust. 

“Kemite,” a new ceramic laboratory table top material. 
S. M. anp E. E. Marsaker. Crucible, 21, 136- 
37 (1937); see “Ceramic—,”’ Ceram. Abs., 16 [7] 225 
(1937). W.D.F 

Laboratory, factory, and market. JorDAN A’ Pucn 
Bull. Amer. Ceram. Soc., 16 (8) 350 (19387). 

National Bureau of Standards. Lyman J. Briccs. Jowr. 
Applied Physics, 8 (5) 298-307 (1937).—The origin, func- 
tions, laboratory facilities, and present work of the Bureau 
are described. An organization chart for the research, test - 
ing, and commercial standardization divisions is included. 

A.P 

Nature of silicosis: I. ANon. Concrete (Cement Mill 
Ed.], 45, 171-72 (1937).—Reports of the First National 
Silicosis Conference, 1936, and the Second National Silico- 
sis Conference, 1937, are given. See Ceram. Abs., 16 [1| 
49 (1937). W.D.F 
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Glass Factory Year Book and Directory, 1935. Anon. 
American Glass Review, Pittsburgh. 159 pp. Price 
$3.00. Reviewed in Mech. Eng., 57 [8] 526 (1935). 
The directory lists the American manufacturers of glass 
and glassware and the trade and workmen's associations 
and gives statistics on production and consumption. 
A buyers’ guide to materials and equipment is also in- 
cluded. The information about factories includes the 
names of officers, equipment, and products. F.G.H. 
Hutchinson’s Technical and Scientific Encyclopedia. 
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Edited by C. F. Tweney anv I. P. SuirsHov. The 
Macmillan Co., New York, 1936. 4 vols. 2468 pp. 
Price $25.00. Reviewed in Mech. Eng., 58 [7] 463 (1936). 
—This work is an intelligent attempt to meet the need 
of students and technical workers for quick reference on a 
great variety of subjects. See Ceram. Abs., 15 [6] 193 
(1936). F.G.H. 
Kempe’s Engineers’ Year-Book, 1936. 42nd annual ed. 
Revised under direction of L. St. L. PENpRED.. Morgan 
Brothers, Ltd., London. 2664 pp. Price 3ls 6d. Re- 
viewed in Power, 80 [4] 219 (1936).—Articles on heat 
insulation, refractories, and cements are included in this 
volume. F.G.H. 
Technology and the Mineral Industries. F.G. Tryon, 
K. C. Heatp, T. T. Reap, G. S. Rice, AND OLIVER 
Bowes. Works Progress Administration, Washington, 
D. C. 63 pp. Free. This report is the first in the 
series of “‘Mineral Technology and Output-per-Man 
Studies’’ conducted under a coéperative arrangement 
between the National Research Project of the Works 
Progress Administration and the Bureau of Mines. It 
is intended to serve as an introduction to forthcoming 
reports which will deal with the principal technological 
changes in the various extractive industries and the effect 
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of these changes on the output per man. Chapter head- 
ings include: “Double task of mineral technology,” 
“Technique of exploration,’’ ““Technology in coal mining,”’ 
“Petroleum and natural gas,"’ “Nonmetallic materials,” 
“Major metals,” “Lesser mineral industries,” “Technology 
and mine safety,’’ and “Social effects of pending tech- 
nologic change.” R.A.H. 
PATENTS 

Concretes with fired clay particles as an aggregate. 
H. Scowartzkorprr. Brit. 465,318, May 20, 1937 (May 
24, 1935). 

Manufacture of ceramic products. A. D'ANTOoNI 
AND P. Ceccuerti. Brit. 465,154, May 13, 1937 (Oct. 
28, 1935). 

Method of preventing efflorescence on the surface of 
colored roofing granules. Paut Terror (Central Com- 
mercial Co.). U. S. 2,081,609, May 25, 1937 (Dec. 4, 1934). 
A method of treating granules suitable for use on roofing 
material comprises mixing barium carbonate, color pig- 
ment, and a binder containing frit, mixing the mass with 
granules, fusing the binder on the granules, and agitating 
the mass to prevent agglomeration. 

Soldering of ceramic materials. Siemens & HALSKE 
Axt.-Ges. Brit. 466,049, June 2, 1937 (March 9, 1935) 
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Manganese and phosphorus and their use in manufacture 
of fine-grained cast iron, Ann. mines, [7] 6, 216 (1874). 
Dialysis of sodium silicoaluminate, Compt. rend., 78, 

1046 (1874). 

Origin of fibers in puddled iron, ibid., 82, 1057 (1876). 

The interior sea, Rev. Sci., 6, 655 (1877). 

Salts from Algerian ‘‘chott,’’ Compt. rend., 84, 390 (1877). 

Analysis of rocks from the Sahara, Rev. géol., (1877). 

Composition of ashes of some Saharan vegetation, Jour. 
société d’agriculture (1878). 

Procedure for exact measurements of variations in height 
of a liquid surface, Compt. rend., 87, 1024 (1878). 

(Mallard) Determination of marsh gas in loose coal, 
ibid., 88, 749 (1879). 

(Mallard) Works of Prussian Commission on Firedamp, 
Ann. mines, |7| 18, 193 (1879). 

(Mallard) Experimental researches on safety lamps 
(supplement to Proceedings of Commission on Fire- 
damp). 1° fascicule. Dunod, Paris (1880). 54 pp. 

(Mallard) Temperatures of flammation of gas mixtures, 
Compt. rend., 91, 825 (1880). 

Crystallized barium silicate obtained by M. Pisani, tbid., 
92, 972 (1881). 

(Mallard) Speed of, cooling of gases at elevated tem- 
peratures, tbid., 93, 962 (1881). 
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(Mallard) Speed of propagation of flammmation in ex- 
plosive gas mixtures, ibid., p. 145. 

(Mallard) Specific heat of gases at high temperatures, 
ibid., p. 1014. 

(Mallard) Temperature of combustion and dissociation 
of carbon dioxide and water-vapor, ibid., p. 1076. 

Influence of barometric variations on escape of firedamp 
from coal mines (supplement to Proceedings of Com- 
mission on Firedamp). 1° fascicule. Dunod, Paris 
(1881). 98 pp. 

(Mallard) Influence of annealing on resistance of lamp 
glass (supplement to Proceedings of Commission on 
Firedamp). 2° fascicule. Dunod, Paris (1881). 67 pp. 

Formation of barium silicate, Compt. rend., 92, 931 (1881) 

New anemometric apparatus (supplement to Proceedings 
of Commission on Firedamp). 2° fascicule. Dunod, 
Paris (1881). 104 pp. 

(Mallard) Proper method of detecting firedamp in mines, 
Ann. mines, |7| 19, 186 (1881). 

Constitution of cements and theory of their hardening, 
Compt. rend., 94, 867 (1882). 

(Mallard) Rédle of powdered Coal in mine accidents, 
Ann. mines, {8} 1, 5 (1882). 

(Mallard) Work of Commission 
p. 153. 

(Mallard) Researches on combustion of explosive gas 
mixtures, Ann. mines, [8] 4, 272 (1882); Bull. soc. chim., 
39, 2, 98, 268, 369, 572 (1882); Jour. phys., [2] 1, 173 
(1882). 

(Mallard) Vibratory motions in gas combustion, Compt. 
rend., 95, 599 (1882). 

(Mallard) Instantaneous pressure produced on gas com- 
bustion, ibid., p. 1352. 

(Mallard) Firedamp detector of M. Liveing, An. mines, 
[8] 3, 31 (1883). 
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Henry LeChatelier: 


(Mallard) Safety lamps with regard to M. Marsant, 
ibid., p. 35. 

Hydraulic silica, Compt. rend., 96, 255 (1883). 

Mechanism of setting of plaster, ibid., p. 715; Bull. 
soc. chim., [2] 39, 561; [2] 40, 49 (1883). 

Application of phenomena of supersaturation to theories 
of hardening of cements and mortars, Compt. rend., 96, 
1056 (1883). 

Burning of gypsum, ibid., p. 1668. 

Dimorphism of boracite, Bull. soc. franc. minéral., 6, 122 


(1883). 

(Mallard) Combustion of gas mixtures, Jour. phys., {2} 
4, 59 (1883). 

(Mallard) Dimorphism of silver iodide, Compt. rend., 
97, 102 (1883); Jour. phys., [2] 4, 305 (1883). 

Chlorosilicate of lime, Compt. rend., 97, 1510 (1883). 

Dissociation of hydrated salts, Bull. soc. chim., [2] 40, 
99 (1883). 

Decomposition of cement by water, ibid., [2] 41, 377 
(1884); Bull. soc. encour. ind. natl., (3) 11, 551 (1884) 

Law of decomposition of salts by water, Compt. rend., 98, 
675 (1884); Bull. soc. chim., [2] 41, 417 (1884). 

Decomposition of compounds of copper chloride with 
calcium chloride and hydrochloric acid by water, Compt. 
rend., 98, 813 (1884). 

Chemical reactions and hardening of hydraulic mortars, 
Bull. soc. chim., [2] 42, 82 (1884). 

Pressure effect on silver iodide transformation, Compt 
rend., 99, 157 (1884). 

Oxygen compounds of halide salts, ibid., p. 276. 

General expression of the law of chemical equilibrium, 
ibid., p. 786. 

Apparatus for measuring resistance of mortar, Bull. soc 
encour. ind. natl., 12, 285 (1885). 

(Louis LeChatelier) Apparatus for determination of re- 
sistance to rupture and deformation of materials for 
construction, Ann. des Ponts et Chaussées, 9, 1032 
(1885). 

Dissociation of hydrates, Bull. soc. chim., [2] 43, 53 (1885). 

Characteristics of chemical combinations, tbid., p. 195. 

Production of vesicular glass, ibid., p. 300. 

General laws of solubility, ibid., [2] 44, 97 (1885). 


Dissociation of chlorohydrates, Compt. rend., 99, 1074 
(1885). 

Law of dissolution, ibid., 100, 50, 441 (1885). 

Decomposition of salts by water, ibid., p. 737. 

Numerical laws of chemical equilibrium, ibid., 101, 1005 


(1885). 
Application of numerical laws of chemical equilibrium to 
dissociation of hydrates of chlorine, ibid., p. 1484. 
Numerical laws of chemical equilibrium, tbid., 103, 253 
(1886). 
Change of electromotive force of a thermoelectric couple 
with temperature, ibid., 102, 819 (1836). 
Thermoelectricity of silver iodide, ibid., p. 917. 
Dissociation of calcium carbonate, ib:4., p. 1243. 


Principle of equivalence in chemical equilibrium phe 
nomena, ibid., p. 1388. 
(Mallard) Prussian Commission on Firedamp, Ann 


mines, [8] 9, 638 (1886). 

Law of fixed dissociation pressures, Bull. soc. chim., |2| 45, 
225 (1886). 

Allotropic modifications of metals and alloys, ibid., p 


482. 

Dissociation of hydrated calcium carbonate, ibid., [2] 46, 
49 (1886). 

Thermodynamics and chemistry, ibid., p. 737. 

Reaction of sulfuric acid monohydrate on copper, ibid., 
[2] 47, 739 (1887). 

Measurement of high temperatures by thermoelectric 
couples, Jour. phys., [2] 6, 23 (1887); Cénie civil (March 
5, 1887). 

New aluminum alloy of M. Bourbouze, Bull. soc. encour. 
ind. natl., [4] 2, 485 (1887). 

Law of Dulong and Petit applied to gases, Bull. soc. chim., 
[2] 47, 1 (1887). 

New thermocouple designed to measure high temperatures, 
ibid., p. 2. 
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Law of latent heat, ibid., pp. 4 and 289. 

Determination of high-temperature fusion and decom- 
position temperatures, ibid., pp. 300 and 369. 

Latent heat of dissociation, ibid., p. 482. 

an of silver, ibid., p. 834; Bull. Paris, 48, 342 

Specific molecular heats of gases, Bull. Paris, 48, 122 
(1887); Compt. rend., 104, 1780 (1887). 

Principle of maximum work and laws of chemical equilib- 
rium, Compt. rend., 104, 356 (1887). 

Laws of solution, ibid., p. 679. 

Action of heat on clays, ibid., p. 1443. 

Constitution of clays, ibid., p. 1517. 

Laws of equilibrium in physical, chemical, and mechanical 
phenomena, Rev. sci., 19 (November, 1887). 

Experimental and theoretical researches on chemical 
equilibria, Ann. mines, [8] 13, 1571 (1888). 

Experimental confirmation of a postulate of Clausius, 
Bull. soc. chim., {2] 50, 595 (1888). 

Manufacture of cement from slag, ibtd., p. 659. 

Laws of chemical equilibrium, Compt. rend., 106, 355, 
598, 1008 (1888). 

Thermodynamics of mine explosives, ibid., 107, 96 (1888) 

Coefficients of expansion at high temperatures, ibid., p 
862. 

Expansion of quartz, ibid., 108, 1046 (1889); 
franc. minéral., 13, 19, 112 (1890). 

Report on safety lamps, Congrés international des mines 
et de la métallurgie (1889); Industrie minérale, 3, 575 
(1889). 

Pyrometric measurements, Buil. soc 
gaz (1889). 

Solubility of salts, Compt. rend., 108, 565, 801 (1889); 
answer to Roozeboom, ibid., p. 1015 

Expansions of metals at high temperatures, tbid., p. 1096 

Circular polarization of quartz, ibid., 109, 264 (1889). 

Equilibria in the system watcr-oxygen-chlorine, #bid., 
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12, 135 (1917). 
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165, 218 (1917). 
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(September, 1918). 
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166, 764 (1918). 
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Phase rule and its application to the double decomposition 
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Double decomposition in solutions of mixed salts. 
Representation, Compt. rend., 172, 345 (1921). 
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Henry LeChatelier Foundation, Compt. rend., 175, 1354 
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Ceram. Abs., 4 [3] 70 (1925); 5 (2) 50 (1926). 

Allotropy of glass, Compt. rend., 179, 718 
Ceram. Abs., 4 [6] 157 (1925). 

— ‘of explosion gases, Compt. rend., 
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Zig., 44, 9 (1926). 
of the shaft furnace, Compt. rend., 182, 735 (1926) 

Hardening of cement, Jour. Soc. Chem. Ind., 45, 61 (1926); 
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Teaching elementary principles of physical science, 
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Decomposition of cements in sea water, Age Ciment, 
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i of science in instruction, L’Enseignment Scienti- 
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Law of displacement of chemical equilibria, 
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Basis for instruction of mathematics, X Information 
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Address at opening meeting of the International Congress 
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Address at meeting of May 6, 1936, Bull. soc. encour. ind. 
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Further methods in experimental science. Dunod, 
editor. Paris (1936). 

Modern teaching. Secrétariat Industriel Commercial, 23 
rue N. D. des Victeim, Paris (1936). 

Popular instruction in Denmark. X Information (July 


25, 1936). 
Concerning “‘radiesthesis.’’ X Information, 17, 27 (1936) 


1 vol. 


La morale et les affaires, L’Echo de l'Union Social d’In 
génieurs Catholiques (December, 1936) (posthumous). 
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